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Altitude, n.mi 200

I, FLIGHT MISSION DESCRIPTION

Inclination, deg 28. 5 Duration,days lh

qt

0 f' "1

Fright No.. aO9

Mission Title:

Objective:

SPA_TE OPERATIONS AND TEC24NOLOGY

This flight _ill assess man's v__abiiity and effectiveness in space,

investigate capillary _ction at zero "g ..... _" *_, =¢=_a__ advanced space suits

_:n_ldevelop' _nd perf_<:t _du:_need _rocedures for extravehi2u!ew actlv2ty. "

C onIiguration: _lo_k !I CaM, L_4 A/S, D/S

/

L x[,e_-tnt_mt Summary:

Title

)
5io.-:eai :_.,A(exc]u, lh_g 01©i ._nd CIC2)

R_diatio: _,Zr.viromz,- nt I_oui_oring

Capi llai'it_! Studies

Evaluation of Space Suits

Manned Luc,_motloz3 ,:_.,ff Maacuveving Capabll itF

Equipment
L_atiOn

LE,_t Stag__y_e_Z _- Oesc

x
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2. EXPERIMENT DESCRIPTION SUI_4ARY

FLIGHT 209

EXPERIMENT: 0100-0200 Medical/Behavioral Experiments - The Medical/Behavlor_l ....

Experiments are intended to evaluate the effects of prolonged space fligh_ on m_

_nd to enhance his operational efficiency to permit moge extensive manned sp_ce -_

flight missions. _wenty-four experimental measurement packages have been defined _

to analyze critical human functions and to focus on those most likely to be

affected adversely by prolonged space flight. Procedures and instrumentation em-

ployed in the experimental packages _re a composite of updated, standard medical/

behavioral and imminent state-of-the art zero-g adapted, techniques. Thes pro-

cedures should provide: l) an assessment of the effedts of prolonged weightless-

ness on the psychophysiological integrity of the astronaut, 2) a determination of

the mechanisms which mediate observed changes, 3) a prediction of the onset and

extent of degraded functioning, and 4) a validation of preventive or counter- >

measures which may be necessary to support man's extended exploration of space.

Experiments 0101 and 0102 require linear and/or rotational accelerations, such

as would be obtained during a firing of the SM engine or during the artificial

gravity experiment, in order to achieve all of the described experiment obJectives_

These experiments have been excluded from missions which lack sufficient SM pro- :
iL

pulslon and/or the artifical gravity experiment.

EXPERIMENT: O_Ol* Radiation Environment Monitoring - The objectives of this ex-I!_ ._

periment are to record radiation received by the crew, and to furnish external

radiation environment data for other experiments. Techniques for the Apollo

Mission, or those employed in Tiros and OGO, will be used. Detection devices pro-

posed for the monitoring systems are: proton-alpha and electron spectrometers,

tissue equivalent ionization chambers, and film packs.

EXPERIMENT: 0601 - Capillarity Studies The objective of this experiment is to

provide knowledge of interactions of matter, at simultaneous solid/liquid vapor

interfaces, through systematic study of capillary flow statics and dynamics at .-

zero-g, and to develop a compatible theory. Static measurements of wetting angles

will be made of height and diameter of spherical zones of various liquids on various

test surfaces. Dynamic measurements of capillary height will be made by timing ......

flow in tubes of different diameters and materials. A radio isotope tr_cking _

device will be used to determine interface distance-time relationships for trans_

parent and non-transparent tubes. Motion pictures will be taken of the transparent

tubes. Liquids will be stored in evacuated bladders. Capillary flow will be

initiated by equalizing pressure difference between tube interior and bladder

exterior.

EXPERIMENT: 1501 - Evaluation of Advanced Space Suit Assemblies - The objectives

of this experiment are to validate the structural and dynamic integrity, and pro-

tective _nd n_rf_rm_nee__..... e}_racteristies of advanced space suit _#s_m_.......Problem

areas of suit design and development will be resolved by establishing criteria for

those specifics for which earth-bound simulations cannot suffice. Following

pre-fli_ht dynamic testing, utilizing articulated dummies and simulating space
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enviro_ment, manned evalu_tiens of t_he suit will be made. Extravehicular tests o_ --_J_J_

mooiiity, dexterity s_d lifting capability will be cendaeted. In addition,. - _ -.-_!:_<_

extended operations utilizing the A_U wiil be conducted. Post-flight inspection of

the suit will determine the i_tegrity/protective effectiveness of materials and

fabficatin_ techniques as u_e¢ in suit assemblies.

EXPERIMENT: 1_502 - Development ct" M_nned Locomotion ahd Maneuvering Capability

The objectives of this experiment are to develop techniques, operations_ a-n?_

equipments enabling man to move and maneuver intrsvehicular and extravehicula_ _ :y

_slng his own physical power', or aided by specia, pcop__sicn systems, and eL: m-

:._re:dby tools, equipment, supplies <r other impediments. Initial tests will ce

h.traveLicular and wil, in_:]ude ev:_]aation of tc_....niques required to don a_d

doff space suits, life support systems and propulsion systems. "Emergency rept_ir

and life saving techniques will be <:valuated. Exlravehicular attitude contro-

operations using "body english" movements, safety lines and the AM[; will be con-

ducted. Extravehicular locomoti<n operations using hand holds, cargo nets, s_:et[c

lines, Lody-powered free soaring and AMU-powered [light will be conducted.

The above will be repeated using various tools or ioglstics loads to serve as

encumberances. Cooperative maneuver techniques will be developed by using the

"buddy-system" for some of the above tests.

EXPERI_4ENT: 1503 - Emergency Techniques, Equipment and Procedures for Rescue

Operations. - The objectives of this experiment are to develop techniques,

equipment and procedures for : the rescue of personnel who have been injured :r

req_ire evacuation from a disabled spacecraft; failure detection and: Warning

systems; and_ rescuing extravehicular subjects Initial tests will include _e

emergency repair of the space suit, PLSS systems and propulsion systems_ the use

of external ECS umbilicals, emergency techniques utilizing the life support bag

and the evaluation of failure detection and warning systems for the rescue of

extravehicular objects. Various techniques of rescue operations (buddy res_,t_-

$ys',,<m_ safety line, net, sled, et,,_.)using an empty pressurized suit as a d'.m,,ny

wil] be evaluated. Subsequently, _cscue operati _ns of an '_s!,ronaut simulating
U _2 >] 4 +

imj,, _...._.,- will be conducted _t, il.izi_,g the techni% {_:s d{:'veloImd a_ove, in _. .... ioc,
residue of extravehicular objects utilizing nets, safety lines, hooks, remote con-

,_ _ie_] systems, etc. will be conducted. : "
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3. EXPERIME_Yf/SPACECRAFT i_TEGRATION

3.1 Mission Definition

Flight 209 is dominated by the requirements of the extra-vehicular activity asso-

ciated with 1500 Series experiments. Twenty-seven of these experiments are planned

and performed at the rate of approximately two per day, scheduled such that partic-

ipation is shared almost equally by all three crewmen.

Since 14-day Gemini flights will have been flown prior to this mission, bio-medical

and behavioral experiments will not be investigatory in nature and are not, there-

fore, considered "primary" for this flight. It has, however, been possible to

integrate virtually all of the O100 and 0200 Series, at required frequencies, with

the exception of the establishment of baseline data for some cardiovascular and

hematology experiments. If this data were to be obtained, the first few days of

this flight would have to be directed entirely to these two experiments. In this

flight, the combined emphasis on extravehicular and biomedical-behavioral experi-

ments is considered essential in that man's physiological and psychological re-

sponses to the demands of advanced spacecraft activity will be monitored continu-

ously and thoroughly.

Cap111arlty studies and radiation environment monitoring occupy very little of the

time allotted to the experimental program and do not present a scheduling problem.

A repetitive cycle for sleeping and principal meals was established and maintained

over the fourteen-day mission, with the exception of the interruption of eating

periods d_ctated by the complete metabolic series performed on day seven.

Subject-observer relationships exist in all experiments on this flight, with the

exception of a few in the behavioral category. This condition precludes having

three men on duty during all extravehicular experiments, if a reasonable duty cycle

is to be n_intalned, since there is almost always one crewman asleep. Those

experiments specifically requiring all three crewman have been accommodated.

The crew schedule is summarized in Table 3-1 and detailed in Table 3-2.

il- .
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Table 3-2 CREW SCHEDULING, FLIGHT 2OO

CRF;dMEN ACTIVITIES
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d, f,
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_J O118-O

0120-0
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I

o113-0

i

i
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Sleep

Rest

OI05-S

L_
[_ ....

0202 f,

g,h,l

i 0203a

0203b

J_

'-):o3- s

01 Of- S

o lO7 - :_
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Table 3-2 CREW SCHEDULING, FLIGHT 209, SHEET_OF.__ 8

DAY _ CREWMEN ACTIVITIKS

[q_ 1 2 3
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fhe power required to perfo_r_ the experimental program is profiled in Table 3-

for days i, 2, 3 and 7. As no+ed, days i, 2 and 3 are typical of days 4 thru

<_ thru i0 and ii thru 13. The seventh day is devoted almost entirely to a

comprehensive metabolic experiment l_formed on all three crewmen - its power

_)_orile is therefore p_-esented separately.

_{o ioin_ in6 requirements exLst du<. t,_ the experi_rents. Sufficient RCS prope]

]_as been allotted to this flight to permit earth pointing (+5 °) for the entira

d ration. The LEM flight control system is carried on this fl_ght to enable

:;_:mriment 1503 (Rescue Techniques) to include exercLses Jn mauevvering a

:_p,_cec_aft to retrieve incapacitated EVA crewmen.

Conside_ation should be given to formulating a series of biomedic_l and behave( "

exoeriments that are specifically oriented toward analyzing the physiologica_ :_

is[rchological effects of the extensive extravehicular experiment program on t_s

flight. A more cohesive integration of these experimeJ_ts and more meaningful

-esults could be achieved in this manner.

....... -::IT:A:
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3 .2 SPACECRAFf DEFINITION

Flight 209 configuratic, n shown in Figures 3-1 and 3-2 carries experiments concerned

with Rsdiation Environment Monit _ring (0501), Solid/Liquid'/Gas Behavior in Zero

Gravity (O601), Manned Extra Vehicular Operations employing advanced space suit as-

sembiies (1501), Manned Locomotive and Maneuvering Capabilities (1502), and Emer-

B_omed_ _a_cenc'/ Techniques, Equipment and Procedures for Rescue Operations (1503). " "_

(O_OO), Behavioral (0200) and Radiation Monitoring (0501) experiments are common

f"_" all flights.

Although no specific pointing requirement is specified, the spacecraft attitude is

ass_med to be earth oriented with the spacecraft's longitudinal axis located in the

or_[ta! plane. Attitude is held within a dead band of ±5 ° . Stability requirements

are _cco_nodated by the CSM within the RCS propellant capacities of the Block II

CSM cow,figuration. However, the basic _ RCS with full propellant tanks has been

included to provide a local rescue capability.

Proton-alpha, high and low energy electron spectrometers (O501) are located in the

scientific equipment bay of the descent stage. The Pulse Height Analyser (0501),

_issue Equipment Ionization Chambers, film packs and Pen Dosimeters are stored with-

_n the Lab. The capillarity experiment equipment (O601) is also located internally.

Extr_vehicuiar-operations experiments (1501, 1502, 1503), AMUunits, refurbishment

:_i <_heckout equipments are located externally in the forward area of the descent

stage to provide maximum visual surveillance and efficient motion picture coverage

during EVA's. To accommodate the extensive EVA's associated with this flight, the

_asi_ AMU is modified to allow three-hour excursions with one-hour reserve. The

_C_'_units, spare batteries, propellant and checkout equipmentsare located

e>_ternally to avoid potential hazards associated with propellants being considered

for _he AMU. The hard space salt associated with the 1501 experiment is stored in

the Lab during launch and in the CM during the flight. The LEM flight control

station and RCS system is carried on this flight to demonstrate emergency rescue

_e_hniques.

['] str_:ctural modifications of L_4 A/S or D/S structure are necessary. All experi-

:_,_:_tequipment installations are additions to existing L]_4A/S and D/S structure,

!
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?i_e inboard profile (Fig. 3-2) shows that adequate internal volume iS available to

._::_ommodate experiments. All primary experiment displays _nd controls including _

left hand flight control station similar to L_, are located in the forward cabin

or are readily accessible from forward cabin crew positions. Food and LiOH can-

isters (seven day supply) are stored internally. Additional Li0H for the full

mission duration is stored externally _.nd retrieved during programmed EgA's.

7Lis flight utilizes the present L_4 battery power system, both ascent and descent,

as well as the basic L_4 thermal control system. Eight additional L_4de6cent

batteries are required to provide the required experiment power. The t%$o L_4 as-

_:ent batteries are carried to provide the desired EPS reliability.

'fhe thei_nal control water is carried in the standard L_ descent and ascent water

_anks.

_ne estimated laboratory weight is 9629 lbs. (See tables 3-4 and 3-5.)

Basic subsystem characteristics pertinent to this flight are described below:

Vehicle Orientation

Stabilization Requirements

AVG Experiment Pwr (Delivered)

?_mber of Cabin Repressurizations

E_ipment Cooling

No Requirement (Earth Orientation Assumed)

±5 ° @ 14 days

108 Watts

26

Approx. 340 Ibs. water

Number of B,:_tteries

C_'xygen Taffies

Peaking Battery

RCS System

_,_S Tanku4_e

S & C System

12 L_MDescent & 2 L_4Ascent

I Block II

Not Appl.

Std _ Thrustors

Std L_MTanks

Controllers, Rate Gyro's, ATCA, & Panels
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Table 3-!4 LEM _LAB DETAILED WEIGHT STATEMENT

FLIGHT 209

COMPONENT
Weight, lb.

C onfigurat ion

Structure ........................ (2254)
Basic Ascent ..................... 802

Basic Descent .................... 750

Shielding ...................... 435

Power Pack Structure ................. 50

Experiment Supports ................. 164

RCS Supports ..................... 53

Stabilization and Control ................ (43)

Attitude Translation Cont_ol Ass'y .......... 27

Rate Gyro Ass'y ................... 2

Controllers ..................... 14

Crew Provisions .................... (132)

Restraints ..................... 35

Lighting ...................... i0
Food ........................ 60

LiOH - PI_S ..................... 27

Reaction Control System ...... , ........... (886)

Propellant ...................... 575

Propellant System .................. 134

ih'essurization System ................ 55

Thruster Ass'y .................... 122

Controls and Displays .................. (205)

Environmental Control .................. (846)

Atmosphere Revitalization System ........... 80

02 Supply and Cabin Pressurization .......... 117

Water Management ................... 36

Heat Transport, Cold P!ates_ Coolant ......... 105

LiOH - ECS ...................... 104

Thermal Control Insulation .............. 6
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Table 3-4 LEM L_B DETAILED WEIGHT STATEMENT (Cont'd)

COMPONENT

FLIGHT 2O9

Weight, lb.

Configuration

Instrumentation .................... (147)

Signal Conditioner ................. 45

rCM & Timing Elec. Assy ............... 39

Data Storage .................... 25

Experiment Selector ................. 6

D_ta Tapes ....... .............. 30

S_:,areVoice Recorders ............... 2

E_ectrical Power Supply ................ (2643)

Reactants and ECS Oxygen .............. 231

Reactant Tankage ...... _ ........... 90

Batteries and Charger ................ 1895

Inverters ...................... 75

Wiring, Distribution and Umbilical ......... 352

Cc_nunications ..................... (32)

Television ..................... 24

Audio Center .................... 6

Voice Recorder ................... 2

Ex_eriment ...................... (2432)

S_res ........................ (9)

_ +_ _:_i Laboratory .................... 9629

j., j.;".--.'-__----'_L-T- - .
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Table 3-5 INTEGRATED SPACECRAFT WEIGHT STATEMENT

FLIGHT 209

COMPONENT
Weight, lb.

Configuration

Command Module Basic Weight ................
Service Module Basic Weight ................

CSM Retro-Propellant ............... . . .

(10,360)
(9,216)
(I,180)

Laboratory Weight .....................

Basic Laboratory Structure ...............

Experiments ......................

Experiment Support Systems ...............

Expendables .............. ........

(9,629)
2,254
2,432
3,548

1,395

CSM Experiment Dependent Weights

RCS Propellant ..................... 4O

Total Laboratory and Experiment
Allowable Lab & Exper. Weight ...............

(9,669)

11,914

Total Orbiting Weight .................

Service Module Propellant (Ascent) ............

SLA Adapter .......................

30,425

1,410

3,505

Launch Vehicle Payload .................. 35,340

l-m m

--Im_m ....... . Ir-_ Im
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4. FLIGHT OPEP_TIONAL SUPPORT: FLIGHT NO. 209

Experiment 0100 & 0200 - Medicine and Behavioral - Periodic daily data

transmission and ground monitoring of safety parameter data.

Experiment 0501 - Radiation Environment Monitoring - External particle
0

flux measurements during a solar flare event are to be correlated with

the solar activity observations made on earth stationed observatories

and other satellites.

Table 4-1 presents the experimental data management requirements for the

flight. A general discussion of this table and the data management sys-

tem is contained in Volume 1.

C m_

_ mL ImLll_lP,II A •
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Table 4-1 Data Management

Avg Daily Data Recording Requirements

Experiment

No. Data Rate

K-bits/see

Recording Time, min

(A)
51.2 K-b/see

(B)
1.6 K-b/see

0100 s

0200 s

O5Ol

150l

1502

1503

9 (AVG)

6.4 (AVG)

0.8

1.6

1.6

1.6

173

54

45

2O

84

5o

0601 Negligible Data Tape Recording Requirements

• I 1Totals 227 199

Avg Daily Data Transmission Time, min:

• Reqd: (A) + (B/32) = 234

• Available = 280

Data Excess (min of Tape) Per Day:

Reqd minus available Transmission Time = Zero

Data Excess/Mission (mln)
Data Tape Return Reqd = 30 mln/Tape Reel

Optimum Average Daily Transmission Time Reqd = 87

Voice Tape Return Reqd ( 2 Packages )

Film Return Reqd

Remarks

5.8 Exper Hr/Day _

3.1 Exper Hr/Day

45 min/day Monitoring

71 minx 4 times

90 minx 13 times

78 minx 9 times

Zero ib= zero reels Zero cuft

4 lb 0.05 cu ft

7 ib 0.15 cuft

_Cl l -h

-- -m-----,,...,,. i n
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5. ALTERNATE CONFIGURATION - FLIGHT 209A

The preceding sections described a LR_ Lab containing only the subsys-

tems that are essential to th_s particular mission. However, it should

be noted that there is sufficient weight allowance within this mission

to permit the use of an essentially unmodified lunar landing L_, with

landing gear removed• This approach may be of interest in the event that

it is desired to fly Flight 209, which is primarily a 14-day medical/

behavioral/extravehicular experiment flight, with a minimum retrofit

version of the LEM.

To illustrate this point, Table 5-1 has been prepared for Flight 209A.

This flight carries the same experiments as the original Flight 209, and

therefore the mission timelines and expendable requirements are the

same. Those hardware items which are easily removed, and obviously not

necessary3 have been eliminated. These include L_4 ascent and descent

engines, ascent engine tanks and helium pressurization system, landing

and rendezvous radars, and landing gear. Additional batteries, water

and oxygen have been added, as in Flight 209, to extend the mission

duration to 14 days.



TABLE 5-! LEM LAB WEIGHTS FOR FLIGHT 209A

LEM inert weight, i March statement .............. 8842 Ib

Changes for a Battery L_4 ...............

- Ascent ............... -210

- Descent ................ +476

Inert weight of a Battery _ . ............... 9108

Remove 'Easy' items ....................

Trapped Ascent and Descent prop .......... -583

Landing Gear .................... -560

Rendezvous Radar .................. - 73

Landing Radar ................... - 28

Remove Ascent Fuel, Oxid, and He Tanks and Plumb.. . -292

Remove Ascent and Descent Engines ......... -599

Weight of 'Stripped' Battery L_M ............. *. 6973

Changes for Experiments ..................

Remove L_I Batteries ................ -804

Add Experiment Batteries .............. 1895

Remove LEM 02 and Tanks .............. - 76

Add Exper. 02 and Tanks .............. 316

Addn '1 Water .................... ll2

Experiment ..................... 2432

Exp. Support .................... 200

RCS Propellant ................... 423

Micro Meteoroid Shielding ............. 56

Misc Changes .................... 200

Note: Inert wt has 152 lb of RCS Prop. Total L_4 with 209 11,727 lb

Allowable 11,914 lb

2-1.26
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1. FLIGHT MISSION DESCRIPTION

I Altitude, n.mi 200

2-2.1
Q

Flight No. 211

Mission Title:

Obj ectives:

] { Inclination,deg 28.5] [ Duration, days30 ] [ Crew 3 i

BIOMEDICAL/BEHAVIORAL AND TECHNOLOGY

This is the first 30 day mission, and is therefore a primary Biomedical/

•Behavioral flight. It will assess man's viability in space for an

extended period of 30 days, and perfect life support techniques. In

addition, equipments designed for lunar orbit survey and mapping will be
checked out.

Configuration: C (Extended CSM, LEM A/S, Low Profile D/S) or

D (Modified Block II CSM, L_4 A/S, Low Profile D/S)

Experiment Summary:

No. Equipment
Title Location

0100

0200

O5Ol
1401

i_02

LOS

Biomedical (excluding 0101, 0102 and 0121)
Behavioral

Radiation Environment Monitoring

Personal Hygiene (excluding shower and washing machine)

Cabin Atmosphere Control for LSS

Lunar Survey Equipment Checkout

/

LEM Stage

"Asc Desc CM

X

X

X

X

X

X X

A A _ ........ | |



2-2.2

2. EXPERIMENT DESCRIPTION SUMMARY

FLIGHT - 211

EXPERIMENT: 0100-0200 - Medical/Behavioral experiments - The Medieal/Behavloral

Experiments are intended to evaluate the effects of prolonged space flight on man

and to enhance his operational efficiency to permit more extensive manned space

flight missions. Twenty-four experimental measurement packages have been defined

to analyze critical human functions and to focus on those most likely to be af-
fected adversely by prolonged space flight. Procedures and instrumentation em-

ployed in the experimental packages are a composite of updated, standard medical/

behavioral sad imminent state-of-the-art zero-g adapted, techniques. These pro-"

cedures should provide: i) an assessment of the effects of prolonged weightless-

ness on the psychophyslological integrity of the astronaut, 2) a determination of

the mechanisms which mediate observed changes, 3) a prediction of the onset and

extent of degraded functioning, and 4) a validation of preventive or countermeas-

ures which may be necessary to support man's extended exploration of space. Ex-

periments 0101 and 0102 require linear and/or rotational accelerations, such as

would be obtained during a firing of the SM engine or during £he artificial grav-

ity experiment, in order to achieve all of the described experiment objectives.

These experiments have been excluded from missions which lack sufficient _4 propul-

sion and/or the artificial gravity experiment.

LOS EXPERIMENT - Qualification Test of Lunar Orbital Survey System- - The object-

ive of this experiment is to test, in Earth orbit, the systems to be used for

lunar orbital survey missions. These systems will gather scientific data through-

out the electromagnetic spectrum at appropriate spectral portions of the G_-

Ray, ultraviolet, visual, infra-red, and radio regions. The data will be used to

obtain surface composition, topographic and geologic mapping, thermal mapping,

tectonic mapping, radar mapping and terrain profile. Additional sensors will

measure the Mass distribution through gravity surveying, collect and measure the

Mass distribution through gravity surveying, collect and measure meteoritic dust,

and measurethe three orthogonal components of the ambient magnetic field.

EXPERIMENT: 0501 - Radiation Environment Monitoring - The objectives of the

experiment are to record radiation received by the crew, and to furnish external

radiation environment data for other experiments. Techniques for the Apollo

Mission, or those employed in Tiros and OGO, will be used. Detection devices pro-

posed for the monitoring systems are: proton-alpha and electron spectrometers,

tissue equivalent ionization chambers, and film packs.
/

EXPERIMENT: 1401- Personal Hygiene and Food Technology -The objectives of

this experiment are to test, evaluate, and develop techniques and equipment

disposal; tooth and gum cleansing; gargle and mouth wash; bathing or washing;

shaving and collection of c_t whiskers; hair and nail clipping and collection;

defecation a_d feces collection, reduction, and storage or disposal; urine

collection I storage s and water recovery; and cleaning of clothing and bedding.
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E/aluation by the astronauts of the effectiveness, convenience, comfort, and

operation of the equipment and techniques, as opposed to specific quantitative

measurements, will be made.

EZPER_4ENT: 1402 - Cabin Atmosphere Control for Larse Space Stations - The ob-

jective of this experiment is to test and evaluate advanced life support equip-

ment required for: contaminant detection and control, carbon dioxide concentra-

tion with oxygen recovery, and atmosphere circulation. The experimental systems

will supplement and normal vehicle life support system. Measurements will be

made to evaluate the performance capability of the equipment.

f

- -, ...... .,,,.,
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e EX? _ _ i_f/SPACE CRAF2 I_EGRATiON

3.1 MISSION DEFIh-iTION

Flight 211 is the first 30 day mission, and is therefore a primary biomedical/

behavioral flight.

For Medlcal-Behavioral experimentation_ the following assumptions were _de

to provide guidelines for mission integration of the experimental package.

• Each exper_nent is essential and stands by itself.

@ All medical emperiments (0101 to 0121) require a subject and

an observer (experimenter).

@ Experiment 0i21 is not performed (this experiment is conducted

on 45 day missions only).

• A few behavioral experiments (0201C _d 020iD, 0202A and 0202B)

require a subject and experimenter. The remaining i8 experiments

of 020i 3 0202 and 0203 require only a subject.

u Rotational 0i00 & 0200 experiments have been deleted.

A Biomedical and Behavioral Progrmr_ has been scheduled that requires 685 man

hours (excluding exper_r, ents 0101 6_nd 0102, which are performed in a rotatimg

enviror_ment). This provides sufficient time for operators to accomplish other

experiments and normal spacecraft activities. This schedule iS shown in Table

3-2, and sun_r_rized in Table 3-1.

The biomedical/behavioral progrmn differs from zhat presented in the Expergnent

identification and Description. That program required 1343 man-hours for a 30

day mission, which far exceeded the allowable work period. The reduction to

6d5 man hours has been achieved with no significant degradation to the experi-

account co[_mons_ity of equi_,ent and procedures for testing the ssx,,eand re-

lated physiological systems, and substitution of related experiments.
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TABLE 3-2.

CREWMEN ACTIVITIES

CREW SCHEDULING, FLIGHT 211 , SHEET_.I_OF_.__.

CREWMEN ACTIVITIES CREWMEN

2-2.10

CREWMEN ACTIVITI _3

NOTES
o LOS Lunar Orbit Survey Equipment Checkout

I Panoramic Camera,-II Mapplng Camera,
VI Scientific Sensors

IIIMR Mapping Radar

I_1 ObserverSubject

E/HyE Fat & Personal Hygiene

Experlent 1202 divided into parts I), (2) and (3)

Z/Hyg Eat & Peroomtl Hygiene
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CIIF, W SCHEDULING, FLIGHT 211, SHF,,ET_?.._OF_
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A qualification test of the lunar orbit survey (LOS) equipment is also performed
Q

on this flight. The flight will assess both crew procedures and equipment per-

formance associated with the lunar mission, and the adequacy of techniques for

reducing data acquired. Equipment capability, crew procedures, and data reduc-

tion techniques will be studies. Approximately 150 man-hours are considered

necessary for this checkout and 144 are provided, even though it is scheduled on

a secondary basis to the biomedlcal/behavloral tests. The largest time block is

on day 13, when 33.5 man-hours are spent on LOS equipment operation. The photo-

graphic time segments for both the panoramic and mapping cameras are assigned to

assumed day-light portions of the orbit. Also, the mapping camera and mapping

radar have coincident sequences.

The Personal Hygiene and Food Preparation experiment (1401) and Cabin Atmosphere

Control Experiment (1402) have been included on this flight. No on-duty man-

hours have been included for Experiment 1401. On-duty manhours for Experiment

1402 are shown in Table 3-2.

Table 3-3 presents the experiment equipment mission profile for selected days of

this mission.

f
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3.2 SPACECRAI_ DEFINITION

Flight #211 configuration, shown in Figures 3-i & 3-2, carries experiments

dealing with checkout of lunar survey equipment (LOS), and requires earth

pointing. Nominal spacecraft attitude is earth oriented with the spacecraft's

longitudinal axis normal to the orbit plane. Attitude is held within a deadband

of t5°s except during experiment periods having specific pointing and stability

requirements. Pointing and stability requirements are accommodated by the CSM

within the RCS propellant capacities of both the "C" and "D" CSM verslons.

Additional _xperlments, carried on this flight, dealing with personal hygiene

(1401), cabin atmosphere control (1402) experiments are readily accommodated.

The large panoramic cameras_ associated with the lunar survey system are

supported by a low profile descent stage (30 in. depth). The cameras are

mounted 17 ° to the spacecraft local vertical with the panning plane orthogonal

to the flight path. C)ther camera equipments are mounted on a common module

located in front of the existing LEM forward hatch_ and are readily accessible

from the Lab cabin. The camera module is designed to swing away during

programmed EVA's. The radar mapping unit is mounted on the descent stage.

Magnetometer_ gamma ray surveying and gravity surveying experiments are all

mounted on extendable booms. The micrometeorold collector is mounted on the

descent stage and normal to the flight path.

Structural modifications to the LEM A/S are required to accommodate the view-

finder. A low profile descent stage is used to support the lab and experiment

equipment. All other experiment equipment installations are additions to exist-

ing LEMA/S or basic low profile D/S structure.

The inboard profile (figure 3-2) show_ that adequate internal volume is

available to accommodate the required experiments. All primary experiment

are accessible by the crew. Biomedequlpment is stored in a canister below

the floor where the L_ sscent engine is normally housed. All food is stored

internally. A seven day supply of LiOH is also stored internally and is
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replenished from external storage during programmed EVA's.

In addition to the standard CSM/Lab interface, this flight requires additional

wiring for accommodating the eazth pointing requiremonts of experiments.

Interface wiring involves star tracker and horizon scanner sensory inputs used

to maintain attitude hold.

The difference between "C" and "D" versions of the lab are the addition of

one FCA one Block II 02 and H 2 tank, added fuel cell reactants, and increase

in FCA radiator area of 16 ft. 2. These modifications to a "C"-version lab.

accommodate the added power demBnq of the "D"-ve_slon lab. required by taking

over CSM power requirements after (nominally) lh days.

This flight utilizes an Apollo CSM fuel cell electrical generation system,

a LEM ECS to provide suit circuit operation in the lab durlngEVA and

selected components to provide data transmission, status and appropriate

displays.

This flight requires a large peaking battery to accommodate peaks created by

the mapping radar. A 300 Amp-Hr battery is carried for this purpose.

The estimated laboratory _eight of the "C" version is 8774 ibs and of the

"D" version is 9988 lbs. (See t_01es 3-_ and 3-5).

Basic subsystem characteristics pertinent to this flight are described below:

Vehicle 0rientatlon

Stabilization Reqm'nts

Avg. Experiment Pwr (Delivered)

Number of Repressurizations

Equipment Cooling

Earth Oriented

_.5 ° @ B days; 450@27 days

696 Watts

5

46 Ft 2 R_ltator

....... -- i i .



Number of Fuel Cells

Oxygen Tanks

Hydrogen Tanks

Peaking Battery

Fuel Cell Cooling

RCS System

RCS Tankage

S & C System

Water for Thermal Con (Max)

Water Generated

C Config.

2

1 Apollo X

i Apollo X

300 Amp H r

15ft 2 Rad

None

None

Sensors only

143 ib

756 ib

D Config.

Takeover Pt = lb.8 days

3

1 Apollo X & 1 Block II

1 Apollo X & 1 Block II

300 Amp Hr

31 ft 2 Rad

None

None

Sensors only

147 Ib

i182 ib

f
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Table 3-4

C_O_

LEM LAB DETAILED WEIGHT STAT_NT

FLIGHT 211

Structure • . . . . • . . . . . . . . . . . . . . • .
Basic Ascent ....... . . . . . . ......

Rack .......................

Shielding .....................

Power Pack Structure ...............

Experiment Supports . . . . . . . . . . . . . . . .

Stabilization & Control ..... . .........

Star Trackers & Electronics ............

Horizon Scanner .................

Crew Provisions . . . . . . . . . . . . . . . . . . .

Restraints ....................

Lighting . . . . . .... . . . . . . . .....

Food . • • • • . • . • . , , , , • , . . • , • , ,

LiOH- PLSS ............... . ....

Controls & Displays ...... . .... . .....

Environmental Control. ..... . .........

Atmosphere Revitalization System . . . . . . . . .

02 Supply & Cabin Pressurization . . . ......

Water Management '. . __ ,. . . . . . . . . . . . .

Heat Transport, Cold Plates, Coolant . . . . . . .
LiOH -ECS . . . . . . . . . . . . . . . . . . . .

Water , . . . . . . . . . . . . . . . . . . . . .

Radiators . . . . . . . . ............
Thermal Control .......... . . .....

Instrumentation ....... . ...........

Signal Conditioner .......... . .....

PCM & Timing Elect Assy ..... . . . .....

Data Storage .... . .......... . . . .

Experiment Selector . . . ..... _-.......

Data Tapes ..... . ..............

Spare Voice Recorders . . ..... . . ......

Electrical Power Supply . . . . ..........

Fuel Cell Ass'ys . . . . . . . .... . . . . . .

Reactants & ECS Oxygen . . . . . . . . . . . . . .
Reactant Tankage . . . . . . . . . . . . . . . . .

2-2.28

Weight, lb

Configuration

C D

(1929) (1929)
802 802
470 470
4O2 402

50 50

2O5 2O5

(12o) (12o)
84 84
36 36

(2oo) (2oo)
35 35
lO i0

146 146

9 9

(255) (255)

(66o) (66o)
8o 8o

34 34
36 36

1o5 io5
248 248

40 40
114 114

3 3

(269) (269)

45 45

39 39

25 25
6 6

150 150
4 4

(2708) (3922)

492 738

782 1521
424 603
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Table 3-4 LEM LAB DETAILED WEIGHT STATEMENT

FLIGHT 211

COMPONENT

Electrical Power Supply (Cont'd)

Batteries & Charger ...................

Plumbing ........................
Inverters ..................... . •

Wiring, Distribution & Umbilical . ...........

Communications ......................

Television ......................

Audio Center ......................

Voice Recorder .....................

We ight, ib

Configuration

C D

332
4O

75
563

(32)
24
6
2

332
6O

75

593

(32)
24
6

2

i,

lii
I'

Experiment . , . , , , . . . , , . • . . . . . • • • . . ,

Spares , . , . . , , , . . , , . . , . , . . . , , , . , .

Total Laboratory , . . . . . . . . . . . . • . • • • . • •

(2546)

(55)

8774

(2546)

(55)

9988

/

....... ' LIT| II I --
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TABLE 3-5 INTEGRATED SPACECRAFT WEIGHT STATEMENT

Flight 211

Component

Weight s ib

Configuration

C D

Command Module Basic Weight ...............

Service Module Basic Weight ...............

CSM Retro-Propellant ...................

Laboratory Weight ....................

Basic Laboratory Structure .... ...........

Experiments ......................

Experiment Support Systems ...............

Expendables ......................

CSM Experiment Dependent Weights ............

RCS Propellant .....................

(10,987) (10,287)
(i0,5h6) (9,160)
(1,349) (1,_91)

(8,77h) (9,988)

1,929 1,929

2,5_6 2,546

3,074 3,549

1,225 1,96_

i07 i12

Total Laboratory & Experiment ...............
Allowable Lab. & Exper. Weight ..............

Total Orbiting Weight ..................

Service Module Propellant (Ascent) ............

SLA Adapter .......................

Launch Vehicle Payload ..................

(8,881) (i0,i00)

10,488 12,032

31,063 30,738

1,410 1,410

3,504 3,505

35,9?8 35,653

f

- - f-71 ........
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_. FLIGHT OPERATIONAL SUPPORT: FLIGHT NO. 211

Experiment 0100 & 0200 - Medicine and Behavioral - Periodic daily data

transmission and ground monitoring of safety parameter data.

Experiment 0501 - Radiation Environment Monitoring - External particle

flux measurements during a solar flare event are to be correlated with

the solar activity observations made on earth stationed observatories

and other satellites.

Table _-i presents the experimental data management requirements of the

flight. A general discussion of this table and the data management sys-

tem is contained in volume 1.

f
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Table 4-1 DetaManagement

Avg Daily Data Recording Requirements

Experiment Recording Time, min

No.

0100 s

O2OO
S

O5Ol

14Ol

1402

Lunar

Survey

Equipt

Totals

Data Rate

K-bits/sec

9 (AVG)

6.4 (AVG)

0.8

0.2

0.8

0.9

(A)
51.2 K-b/sec

346

(B)
1.6 K-b/sec

45

30

3o

120

Remarks

7.9 Exper Hr/Day

6.9 Exper Hr/Day

Based on

Suggested

Exper Freq.

for 30/day

mission.

45 min/day Monitoring

30 min/day Monitoring

30 min/day Monitoring

6HR x i0 times

Avg Daily Data Transmission Time Reqd: (A) + (B/32) = B54

Avg Daily Data Transmission Time Available = 280

Data Excess (mln of Tape) Per Day:

Reqd minus available Transmission Time = 7h

Data Excess Pgr Mission (min)
Data Tape Return Reqd = 30 min/Tape Reel

Optimum AVG Daily Transmission Time Reqd = 87

Voice Tape Return Reqd (3 Packages) 6 lb

Film Return Reqd 400 lb

Data Tapes Carried 150 lb

= 74 reels 148 lb7.4 ft 3

•075 ft 3

ii ft3

-_,.,$71- ill_ - "
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5. ALTERNATE CONFIGURATION - FLIGHT 211A

The previous sections described the mission and spacecraft configuration based

primarily on a description of the lunar orbit survey experiment equipment which

was provided by NASA/MSC for use on Grumman's basic AES/L_4 study contract.

This study assumed that all of the experiments are located on the Lab.

Fig. 5-1 shows a configuration arrangemnt for Flight #ella that assumes the

large panoramic and the cartographic cameras have been removed from the Lab, and

equivalent equipment located in the Service Module. The interior arrangement for

this flight is the same as for Flight #ell, Fig. 3-2.

It has been assumed that the installation of camera equipments in the Service

Module (rather than the Lab) do not alter mission timeline descriptions or

spacecraft total weights. The small increase in retro propellantp required in

the Service Module due to a higher CSM dry weight# has been neglected.

f
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I. FLIGHT MISSION DESCRIPTION

2-3 .I

Flight No. 507

I Altitude, n. mi 200 ] [ Inclinati°n'deg 90 ] I Durati°n' days 14 ] [ Crew 3 I

Mission Title:

Objectives:

'S SURFACE SENSING AND SUBSYSTEM DEVELOPMENT

This flight will qualify remote sensing elements for identification of

characteristic multl-spectral signatures of biological, geological and

ocean surface areas. Also, manned survey techniques for high resoluti3n

earth mapping will be demonstrated. The entire earth will be mapped in

various emitted radio frequency bands of man-made origin. In addition,

high power, high data rate spacecraft-to-earth transmitting systems will

be tested. A large solar cell array will be erected, and its power

utilized for the multi-spectral and high resolution mapping experiments.

Configuration: Block II CSM, LEM A/S, D/S

Experiment Summary:

No. Title

0100

0200

0501

0901

O9O2

1201

1202

1405

Biomedical (excluding 0101 and 0102)

Behavioral

Radiation Environment Monitoring

Multi-Spectral Target Characteristics

Synoptic E_rth Mapping

Measure Radio Frequency Radiation
Wide-Band Transmission

Orbital Test of a Large Solar Cell Array

Equipment
Location

LEM Stage
CM

Ase Desc

' X

X

X

X X

X X

X X

X X

X
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2. EXPERINENT DESCRII_ION SUMMARY

FLIGHT - 507

EXPERIMENT: 0100-O200 - Medical/Behavioral Experiments - The objective of the

Medical/Behavioral Experiments is toevaluate the effects of prolonged space

flight on man and to enhance his operational efficiency to permit more extensive

manned space flight missions. Twenty-four experimental measurement packages have

been defined to analyze critical humsn functions and to focus on those most likely

to be affected adversely by prolonged space flight. The procedures and instru-

mentation employed in the experimental packages are a composite of updated,

standard medlcal/behavioral and imminent state-of-the-art zero-g adapted, tech-

niques. These procedures should provide: i) an assessment of the effects of pro-

longed weightlessness on the psychcphysiological integrity of the a_tronaut, 2)

a detei_inatlon of the mechanisms which mediate observed changes, 3) a prediction

of the onset _extent of degraded functioning, and 4) a validation of pre-

ventive or countermeasures which may be necessary to support man's extended ex-

ploration of space.

NOTE

Experiments 0101 and O102 require linear and/or rotational

accelerations, such as would be obtained during a firing

of the SM engine or during the artificial gravity experiment,

in order to achieve all of the described experiment

objectives. These experiments have been excluded from

missions which lack sufficient SM propulsion and/or the

artificial gravity experiment.

EXPERI_IENT: 0_01 - Radiation Environment Monitorin_ - The objective of the ex-

periment is to record radiation received by the crew, and to furnish external radi-

ation environment data for other experiments. Techniques for the Apollo Mission,

or those employed in Tires _d 00_,, will be used. Detection devices proposed for

the monitoring systems are: proton-alpha and electron spectrometers, tissue equiva-

lent ionization chambers, a_id film packs.

EXPERIMENT: 0_01 - Multi-Spectral Target Characteristics Determination - The ob-

Jectlve of the experiment is to gather multlspectral imagery and spectral response

samples from a wide diversity of target areas under different illumination,

temperature, and atmospheric conditions. This will provide the data to establish

the extent to which characteristic distinguishable spectral signatures as

gathered from space n_y be used to identify and to measure useful earth and atmos-

pheric properties. The experimen_ involves the identification of surface and sub-

surface features, and their interrelationships, by simultaneous mapping with sensors

at different portions of the spectrum; allowing unique spectral responses to be

_orrelated to establish both spatial and spectral signatures for unambiguous

identification. In addition to _pcctral discrimination, signature variations are

to be obse±_ed'as a function of asre_t or stereoscopic viewing and polarization.

_e spectral region covered lle_ bet_,_een the near ultraviolet and radar wave-

lengths. All techniques, excepting radar, are passive receptors of the spectral

emittance/reflectance radiati,n_ from the surface areas resolved. Supplementing

the imaging techniques a_e n_,_-i_ugi_g instrument_ which require motion compen-

_atlon to pel_nlt greater observation times of select areas of interest. Other ac-

cessory instrumentation Include_ t_:_ _ise of VHF equipment to afford greater pene-

tration and sublayer measur._ment, gravity gradiometers and geochemical spectrometry

tt_ detect trace compcneats in the atmosphere.

..... i-- -.L,, i - .



EXPERIMENT: 902 - S2ncDtic Ea_*tL l-h_pping - The objective of the experiment is to

comprehensively photograph the land areas of the earth with very high resolution

film to show the detailed geomo_}hcl_gy, transportation networks, urban and rural

land use, vegetation types, s_d to provide for hydrologic surveys, road surveys,

and resource assessment. Additionally, surface moisture, ice depth and microwave

emission profiles will be obtained. Black and white photographs of 20 ft. re-

solution will be acquired at the red end oi' the visual spectrum for maximum haze

penetration. Such photos willbe tai_en only during good atmospheric viewing con-

ditions. A pair of photos of the same area shall be acquired to provide

good stereo resolutions. A rotating mirror may be used to acquire several

photo pairs adjacent to the satellite ground track when weather conditions

are favorable, so that complete coverage may be obtained within the 14-

day mission duration. Simultaneous phetographs shall be acquired in the blue,

yellow and near-lnfrared _pectral r_gions to a resolution of 200 ft. This imagery

will provide the capability for ti_e construction of true-color photographs and the

custom Selection of a false-color best suited to identification of a particular

image class. A broadband VHF radar will provide surface moisture conditions and

type while a radiometer operating at four different microwave frequencies will pro-
vide emission characteristics.

EXPERIMENTS: 1201 - Measurement of Radio Frequency Radiation - The objective of

the experiment is to make sensitive radio frequency radiation measurements, speci-

fically of man made eal_th origin (and to a lesser degree from planets, stars and

galaxie) to determine the interferer:ce and backgro_nd noise environment in space com-

munications. Spacecraft antennas and receiver will scan the lO0 mc to lO0 Kmc

spectrum. The geographical area from which the radiation emanated will be logged

and the spectral characteristics reco;'ded.

EXPERI_Z_T: 1202 - Wide Ba_id_rldtl]Tra_Ismission in Space - The objective of the ex-

p_._riment is to develop high power transmitting systems capable of sending infor-

mation at high data rates from spacecraft to earth and to other spacecraft. The ex-

periment will be perfo_ned by transmitting wideba_d signals to ground receivin_

stations using three transmitters with input power and frequency range shown below:

HF

U_F

MM Waves

3 mc to jO me at 5000 watts

300 mc to 3000 mc !_t 5000 watts
8 Go to 80 Gc at __CO watts

EXPERIMENT: 140_ - Orbital Test of La]:_ Area Solar Cell S_stem - The objective

of the experiment is to a_ses_ the role of man in the deployment of a large solar

cell array; and to dete_mlne the effects ct the array on other vehicle systems.

The astronaut will assist in the _'=_!__,mcnt of the solar array. The system will be

verified by operation a_id _t_i_zatLn as a by-pass loop of the operational power

supply. The effect of th_ il,creased drag on _he attitude control and orbit main-

tenance requirements will be dete_i:_ed.
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_ EXl !'R __,_'_[_'_'_ "/SP_CECRA,_I _ Ihq'EGRATION
j •

3. l MISSION DF_'INITION

The primary purposes of Fiigh'. )_,_ a_e ear[,_, _mp_ing in multiple frequency bands,

and development of _c,:t_::,m_:ati:_,:__,q,;_ique,_ for a_:p!ication to future missions.

Experiments 1201, Earth Mapf:ir:g cf Ma,':-_,adeEmitted Radiation, and 0901-2, Earth

Photograp_%y in Multiple Spec¢rum P;_:_ds, ha,¢e dictated the use of a crew duty cycle

in which an astronaut is a]wayJ evaiia_L_ for work.

The crew schedule is s_T.,ma_dzed in 'i'ao!e 3-1 and shown in detail in Table 3-2.

Use of this crew duty cycle allows Experiment 1201 to be completely fulfilled, and

glves an additional t_o dsj: for rechecking areas of interest. Experiment 0901-2

is performed during the d_ylight portion of every orbit over a three-day period.
i

At other times during the mission, 0901-2 is performed when there is available crew

time. A total of i10 daylight orbital portions are devoted to this experiment.

As implied by the notation 0901-2, _t _Las been assumed that it is desirable and

feasible to couple Ex[,eriments 09ol and 0902 so that both may be performed at the

same time by one astronaut. In thi_ wa::, wh_..nan area of interest is chosen, all

sensors determine the signature of the area in their respective frequency bands.

Experiment 1°02 (wideband transmis_ior_ to earth) is performed five times per

orbis, five orbits per day. However, d_te to the constraints imposed by other

experiments_ it is pe_-f'ormed _,ve__ c,2!_ a t,h_'_e day period.

Also present on the flight is Experiment 1405: Testing of a Large Solar Array As a

Power Source. Its power output, raCed at iiO0 watts, is to be used for the 0901-2

experiment. Tables 3-3 and 3-3A show power profiles where the solar array provides

the power for O_DI-2, and ,_here _i..ei_cwer penalty for performing 0901-2 is assumed

taken from the primary power ._ource, :'espectively.

Experiment 0501, Radiati__J _z.;.,_,'(:".._h Monitor1 _g, requires only ten minutes per

man per day and is read _ ac'.:c:.m_:_._atedin the crew schedule

Excluding _._er±m=,_ _Ot.: , g (': ,,_.:;,u:edic__i_and _,_.0 (behavioral , it should be

noted that .complete ac_:-c_:_,_i .h<_'_,_c,f a_y _ne exl..eriment precludes the total

accomplishment of others. For :_._¢r, ho._r,;'man/da._, work cycle, it is obvious that,

with daily crew requireme:_s _,n' ,'.!"i:_m_.d 0501 I,o oe satisfied, it is not possible

to perform 0901-2 for the de_,_'_.. '_ no_'s per aa). In addition, experiment 1201

_'equire_ 24 man ho_rs 9e_ city. :_ _:'<_t.herdJ£'ficulty is that 1201 receives weak
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Table 3-2CREW SCHEDULING, FLIGHT 507 , SHEET1 OF 4

I°-I I
1 1ol

I
J ll
03%I I

1
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0700 _]_

°

20 i
40 1

1000
20

t_O
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20

_0
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1400
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1600 I_0
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.o _[_18oo
2o

4o

20 ..
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2OOO

20

40 12100
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2200 l20

gO

23OO

20 --

40

2400

CREWMEN ACTIVITIES _ DAY {

.... ------_ : 00oo
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--_ ! 40
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,_ 20,, 4o

----4' o600
,_ 20
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lest Rest _est _

........ ,_aW-_"noo,' 20

For _ 40

t4o5 i' 12oo
letup& letup& _etup&_ 20
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_ 0000

20
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40
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_2oo Eray_E/_yg i1500
: 20

9901,_ Rest Rest : 40

i 1600
-- ', 20

E/Hyg -- ', 40

__ o_l,: 11_

__Rest __0200 ',1800

0901,: ', 20
40

Sleep _ 19OO
Rest _ 20

4O

0901 ,', _ 2000

01OO 01OO _ 2_OO

2O
0200 0901, : _ 40

__ _ 2200

02OO -- _ 20
E/Hyg -- E/HyE _ an

O901; -- ,<2300
} 20

Rest 0200 Rest _ as

,_ 2_00

CREWMEN ACTIVITIES

__ 1 ; 2 3

I
I
i

i;/_yg __3901'2

[ !-lest
-- 3901,2

>200

Sleep __

)901,2 Rest

_i__ oloo

)901,2 0200

)501)I00 0100 '

0001 ,_
E/Hyg _,/Hyg

I Remt lest --

0901, ,_

0200 E/Hy---E-

O901,

I -- Rest

lest _leep 0901,2

T --
901,2

_2oo 5oi__/__
-- 405

3901,2

T--3200 _/Hyg ;/Hyg

3901,2 _eet set

I E/HYE --

3901,2

I --Rest 3200

0901,2

l 0501 Rest ,leep

0901,2

j s/_y___gg_0200
Rest --

-- 0901,2

o2o__o_o--
Sleep _/_yg

O901_2 ------

0200 _est

Earth Dark E/Hyg Eat & Personal Hygiene

Earth Lighted I_> Limits of Experiment time

•to jill]>,. mlt,o,EVA



• P

2-3.9

Table 3-2 CREW SCHEDULING, FLIGHT 507 , BHEET.2._OF_

DAY _ CRE_4MEN ACTIVITIES i DAY _ CR_4MEN ACTIVITIES

Do_ 1 2 3 _Fqo 1 2
OOOO

20 IO901,2 "

40 E/Hyg __.

0100 I20 Sleep

40 Rest

0200 -- 0901,2

20 0501

03_(_o 0200
-- Rest

20 E/HYg_ O901,2
40

-- Rest
0400

20 Fllm Film

40 StdBy Change Change
FoP &Solar &Solar05OO
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40
Rest
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O9OO 1202
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IiOO Rest

2O

40X1200

20

4O

13%To2oo_o
14OO O901,2

2O
aS
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20 1202
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40 4O

0400 0400

20 0100 OIOO 20

40 -- 40 --

0500 O9Ol,2 o2oo 0500
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Table 3-2 CREW SCHEDULING, FLIGHT 507, StlEET 30F_.__ 4

DAY _ ORI_MEN ACTI'VITI_

000O

2O

40

0100

2O
40

0200

2O

4O

O3O0
2O

4O

O4OO

2O

1t0
0500

2o

40

o600

20
2o

o7oo

_o
11o

o800

20
20

0900 1201
20

40
1000

20

4O

1100
Rest

20

4O
1200

20

40 1201

12Ol
1400 3etup

20

40

150_2 1201

aO

16oo

2o

4o

1700
;_0

aO

1800

2O

4O

1900

20
4O

2OOO

2O

4O

2100
2O

40

2200 '"

2O
40

23OO
2O

4O

24OO

_/_yg

1201

Rest

Sleep 1201 Rest

3901,2
Psssivl

_/Hyg iE/Hyg

lest _est

1201

20
E/Hyg i 40

09OO

20

Rest 40
1000

20

40

Sleep 1201 1]00

2O

40

12001

0901,2 20

_0

DAY _ CRF'_MEN ACTIVITIES., DAY _ CREWMEN ACTIVITIES DAY _ CREWMEN ACTIVITIES

o00o 00oo "_ 000o
20 2o ; ,' 20

40 E/Hyg 40 _/Hyg '_ 40 E/H yg

0100 1201 _ 0100 1201 ,'_ 0100 _ 1201

20 _ 20 _ _ 20 ,B
40 Rest 40 lest !_ 40 Rest

' 0200
0200 0200 _! 2020 20 _ ""

0300 _leep 1201 Rest 0300 _leep 1201 Rest !_ 0300 Sleep 1201 Rest
20 20 __ 20
40 40 _ 40

0400 O4OO _ ',0400

20 20 _ 20

40 -- _O -- O9_O1 '_ 40 --
0500 0901,2

20 Pas sire 0500 ,2 _ _ 0901,2-- 20 'Passive _, 0500-- 20 -- Passive

_ 06ho_O _ 1201 o6300 9501 _i 4012Ol ,',' 0600
_o 2o _ 20

' _o k_y_ "/}b', 11o _y_ _A_y_ _! _o e_y¢ z,,'_y¢
,_o7oo o7oo ,"o7oo

20 ' _ 20 "" 20
40 est Rest 40 Rest Rest _ I_O Rest Rest

0800 0800
20 _ 0800

_ 20E/Hyg 40 E/Hyg I,_0 E/Hyg
1201 __, 0900 1201 ,

20 ___ _ 0900 1201
2O

Nest 40 Rest _! 40 Rest
1000 _' I000

4o )) 2O4o

Rest Sleep 1201 _ 1100 Rest Sleep 1201 _ l]O0 Rest Sleep 1201
20 _,_ 20
4o , 40

1200 _ 1200

_-_i _ 20 o--COTT_, _o o:_o1,2
40 _ - 110 Pa_rllvr

"oo ' oo
1405 40 1405 40 1201 1405 40 1201 Ih05

1400 1400 1400 ledone
20 20 -- 20 --

< 80 E/Hyg E/Hyg _0 E/Hyg E/Hyg_O --1201 E/Hyg E/Hyg _ 15OO
15OO _etup 15OO

20 _ 20 20

40 1201 Rest Rest hO Rest Rest40 1201 Rest Rest

-,,16OO2o Setup 16OOzo
E/Hyg 40 g/_yg 40 z,/Hyg

< 1700 1201 1700 1201
__ 1201 _ 20 20 ---

Redone
Rest 40 Rest _0 Rest

i 18oo 18oo

20 20

aO aO

1201 Rest Sleep 1920_02 1201 Rest Sleep _ 192._ Redone1201Rest ,Sleep
40 40

200020O0

O5Ol ! 2o lo5ol 20
40 40

2100 2100

0901,2
20 0901,2 20 0901,_

Passive _0 Passlv( 40 Passlw

1201 2200 1201 2200 1201
20 20 Redone

E/Hyg . E,_yg 40 E/Hyg E/_y z 40 Z/Hyg E/_yg
2300 2300

20 20

Rest Rest 40 Rest Rest 40 Rest Rest
2400 2400

ZAiys Z/_ys

%

Rest Rest 1
16oo

2o

_Z/Hyg _ 40
1700

_'--------1201 1 20

4O
lest _ I 1800

_ 20
• 40

1201 Rest Sleep I 19OO
20
40

20OO

_ 20

2100'OOO1,_ 20
Passive 40

1201 _ 2200
20

E/_4yg Z/Hyg 40

23O0
20

Rest Rest 40
24OO

NOTZS
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Table 3-2 CREW SCHEDULING, FLIGHT 507, BHEET_OF_

DAY _ CREWMEN ACTIVITIES _ DAY _ CREWMEN ACTIVITIES _ DAY _ CREWMEN ACTIW IT IES I

;,o g/Hyg 40

0100 _ 1201 0100
20 _edone 20

I*0 _est 40

0200 0200

_'0 20
;I0 II0

o _un ]loop 1201 Ilost 030o
;'0 l(udone _'0
4!) ;10

O/inn 0400
20 20

I*0 -- O901,2 _0 --
0500 ?assive 0500

20 -- _ 20 __

4O _ _0
(%00 12oi (%00

20 Redone 20

J'O E/}lyg _/Myg 40

O7OO O7OO
20 20

_0 Rest _est 40

o8oo ,o8oo
20 20

ao E/Myg 40

0900 1201 0900 1201
20 Redone 20 ledone

40 Rest 40

IOOO IOOO

20 20
40 aO

ii00 Rest 31eep 1201 IIOO
20 Redone 20
40 40

1200 1200
20 0901,2 20
_0 Passive 40

.ooI o o, ,,ool20 1201

;_0 1201 1405 hO ledone

1400 Redone 1400

20 _ ,_ 20 __
4o _/Hyg E/_yg _ 4o

15oo _ 15oo
2o _ 2o

40 Rest Rest _ _0

1600 _ 1600
20 _ _0

40 _est40 E/Myg

1700 __1201 _ 170020

20 Redone _ 40
40 Rest

1800 _, 118 
4O 4O

1900 1201 Rest Sleep 1900

20 Redone 20
40 40

2000 2000

20 o5Ol 20

4O 40

2100 2100
20 O901,2 20

40 Passlve 40

2200 12"(31 _, 2200
20

E/_lyg Redone 20

_2oo_ z/Idyg _o

2_ 4000 _est Rest 240040

0000
20

E/_yg 40

__ 1201 t 01OO

Redone _ 20
{est _0

0200
2O

_0

]leep 1201 Rest 0300
ledono 20

0400

20
_0

)901,2 0500
Passive

20

1201 (%00

Redone 20

E/_dyg Z/_lyg 40
07OO

2O

lest Rest /_0
O8OO

?0

•_/_qyg _ /_0
09OO

Rest _ 20• hO

1 ooo

20
test ._leep 1201 llO0

Redone 20
aO

3901,2 12_

Passive _O

3501 13oo
20

_0
14oo

-- Pan s _ve 20

E/Syg Rest 40

Rest 15OO
20

_/Hyg I;_O5 5tnBy 40
Tear For 1600

-- Down 1;),05 _. 20

rear 40

Down i 1700

20
40

1800

40
19OO

20
_0

2000

20
_0

2100

20

_0

2200'
20

_ 23002Oi 4o
24013

DAY _ CREWM_ ACTIVITIES

C3, o 1 2 3

NOTES

_-3. tt

0OO0

2O

40

0100
20

hO

0200

2O
hO

O3OO
20

hO

• _, 0400
%
_,_ 20
_ a0

,,: 0500

I'0600
_,, 20
'_ 4o
,,, 0700

2O
!_ 4o
',_ 0800
,,

_ _o40

09O0ii 20
!_1ooo

20

: l,0
; 1100

20
I*0

_ 1200

_ 20

"_ _0

" 1300

_; 20

,': 4o

li laOO
20

I_ UO

,_,' 1500
20

' _ 40
,' 1600

," 20

,',' ao

,,_ 1700

,,_ 20
,_ ao

18ooil 2o
II 40

1_ 19o0
2O

!_ 4o
i"20o0
_ 20
',,_ 4o
', ; 23.OO
,, 20

t_O
: ! 2200

;, 20
40

i i 23oo
' , 20

_ _o
_ 24OO

I
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earth-originating signals. IF ]202, or the active portion of 0901-2 were to be

performed, signals would be drowned out. Similarly, the signal returns associated

with 0901-2 would be drowned out, if this experiment were performed simultaneousiy

with 1202.

Because of experiment demands on crew time, only a minimum _mount of 0100 and 0200

Experiments could be scheduled for this flight.

Day lh is not included in Table 3-!, since only 17 ho_s of that day are devoted

to the flight.

Each man's work-rest cycle is essencially the same for each day. Changes in the

daily routine, such as moving the sleep period u_ t_:o hours and temporarily

decreasing the eating and rest times, have been made where it has been necessary

to have three men on duty for extra-vehicular activities. These changes in routine

have been kept to a minimum and do not exceed two such changes per man.
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_.2 SPACECRAFT DEFINITION

Flight 507 configuration, shown in Figs. 3-1 and 3-2, carries experiments dealing

with remote sensing of the earth's surface (0901, 0902), mapping of RF radiation

(120]), wide-bsnd data transmission (1202), and requires Earth pointing. In

addition, a large solar ce]l array experiment (1405) is carried, requiring

gJmbal!ing for sun orientation. Nominal spacecraft attitude is Earth oriented with

the spacecraft's longitudinal axis located in the o_-bi_ plane. Attitude is held

within a deadband of -+5° , ex_el,t during experiment 0eriods having specific pointins

arid stabi]ity requirements. Pointing and stability requirements are accommodated

by the _M within _e, BCS propellant capacities of _he Block II CSM.

The Vie,Tfinder (0902) installation [rovides hemispherical coverage for all expe.ri-

ments. The microwave radiometer antenna (0902) is stowed on the A/S and deployed

for experimentation.

The 0901 optical sensor installation utilizes the 0')01-i optics, and is mounted in

the descent stage on a 2-axis gimbal to acco_m_odate _he higher pointing accuracy

required of the experiment. During an EVA, the 0901-4 multi-spectral camera is

substituted for the O901-2A grating spectrometer sensor installation on the 0901-1

optics_ and film is changed. Similarly, the 24 in. and 6 in. F.L. mapping cam-

eras (0902), mounted on the D/S, require EVA for film change. Additional equipment

mounted on the D/S includcs:

• IR Imager (0901-2B)

• Microwave imager antenna (O901-5B)

• VHF Pulse antenna (0902)

"_W frequency antenna (1201)

• Hi and mid freqt_en,_y a_te:_:_a module (]20])

• HF antenna (i2d,2)

• D-_T antenna (1202)

• Millimeter antenna (1202]
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A 162 ft 2 Solar Ceil Array Assembly (1405) is mounted on a 2-axis gimbal on the

D/S to allow sun orietltatlon. Deployment is accomp!ished manually by an astronaut

during the first EVA; the a_tivl_:.y is recorded by a 16 r,_nmotion picture camera and

monitored Oy a TV camera located c:_ a D/S mounted extendable boom.

Structural modifications to the [SM A/S are requi_-ed to accommodate the viewfinder

(0902). All Other experiment eq'._J_>L,enLinstallations involve additions to existing

LEM A/S and D/S structL_re.

The i_-,.boardprofile Fig. 3-2 o_<,_._...._ nhat adequate [_ternal volume is available to

ac<:oc_nodate experiments. All primary experimen_ displays and controls are located

;in the forwa_d cabin, or are accessible from forward cabin <:rew positions. Food is

_tored internally. A seven day supply of LiOH canisters is also stored internally,

mot_nted on nhe aft bulkhead of tr.e Lab, and is r_flaced from external storage dur-

ing programmed EVA 's.

(0100) Behavioral, (0200) Biomed, and (0501) Radiation Monitoring Equipment Instal-

lations are common to all flights.

Supporting electronics for experiments are carried in the existing _ electronics

bay mounted to the back of the A/S.

In additioz to the standard CSM/LE_ Lab Interfac'.e, this flight requires additional

",,,'_L'i_i_for accommodating '<h_ _arth b_inting requirements of experiments. Interface

;,_rir::iinvolves startracker oad horizon scanner se_:sory inputs used to maintain at-

titude hold.

This i'ligat utilizes an Apollo CSM fuel cell ele_tri<_al generation system, a LEM ECS

_.: provide suit circuit o[_era_;io_. ]_ the isb d_u'i_g EVA and selected components to

_'_vi_e data transmission, ._tatu_;_ _nd appropriate d_lays.

_.<_ ,._;,_up_tof the large a_'e_: _oia_" _e_! system (_]<]5) is used to power exper-ments

_9C] and 0902. These ex_eriments _;_'ep_rformed _'_- 45 min. during the daylight

_:.<_tion of each orbit Y,_r hn_[ ti_e .;_ission duration. No fuel cell reactants have

_,_en provided to power" ,,:_m_er'_s£,>,!._nd 0902.

77_e esti_r_Sed labor_to</ ',_eidk ]_ /]'63 ibs (see _]es 3-4 and 3-5).

L



Basic subsystem characteristics pertinent So this flight are described below:

Vehicle Orientation

Stabilization Requirements

Avg Experiment Pwr (Delivered)

N_ur_berof Repressurizations

Equipment Cooling

Earth Pointing

+.2° for 7 days, +5° for 7 days

650 Watts

8

70 ft 2 Radiator

[_umber of Fuel Cells

Oxy£en Tanks

Hya_ogen Tanks

Peaking Battery

Fuel Cell Cooling

RCS System

RCS Tankage

S & C System

Water for Thermal Control (Max)

Fater Generated

2

2 Block II

2 Block [

i00 Amp Hr

29 Ft 2 Radiator

None

None

Sensors On]2"

325 !bs.

367 ibs.

...... .....-- W_mw . -- -- w _ _li ll'/ImiL L



Component

TABLE 3-2 LEM LAB DETAILED WEIGHT STATEMENT

Flight 5O7

Weight_ :b

Configuration i

Structure ...........................

Basic Ascent .............. _ ..........

Basic Descent ......................

Shielding ..........................

Power PackStructure ........... _ .........

Experiment Supports ..................

Stabilization & Control ....................

Star Trackers & Electronics ................

Horizon Scanner .... ...................

Crew Provisions ..................... •

Restraints .............. • ...........

Lighting .........................
Food ...... ............ . .........

LiOH-PLSS ..........................

Controls & Displays ....................

Environmental Control .....................

Atmosphere Revitalization System ..............

02 Supply & Cabin Pressurization .............

Water Management ....................

Heat Transportj Cold Plates, Coolant .............

LiOH-ECS ...........................

Water .............................

Radiators ......................

Thermal Control .......................

Instrumentation ........................

Signal Conditioner .....................

PCM & Timing Elect Assy ................

Data Storage .........................

Experiment Selector .....................

Data Tapes ......................

Spare Voice Recorders ....................

(2325)
8O2

75O

415

5o
3o8

(12o)
84

36

(137)

35
i0

6o
32

(385)

(711)

80

34

36
255
lO4
40

%+
68

(207)

45

39

25
6
9O
2

4&
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TABLE 3-4 !.F_ IJkB DETAILED WEIGHT STATEr_I'$T (toni'd)

Flight 5O7

Component

Weight, i'__

Configurat ior. i

Electrical Power Supply ............ ........

Fuel Cell Ass'ys .............. ..........

Reactants & ECS Oxygen .....................

Reactant Tankage ....... .... .............

Batteries & Charger ..... .................

PiLLmbing ............. ..............

Inverters . . . ............. ........ .

Wiring, Distribution & Un_ilica] ..... ............

Communications .......................

Television ..........................

Audio Center ..........................

Voice Recorder ........................

VT_/UHF Antenna ........................

E :Deriment

(1992)

492

425

358
13o

4o
75

472

(32)
24
6
2

(3845)

(9)

9763

Q_- ............ l



TABLE 3-5 INTEGRATED SPACECRAFT WEIGHT STATEMENT

FLIGHT 507 Weight, ib

Component Configuration 1

Command Module Basic Weight .............

Service Module Basic Weight ...............

CSM Retro-Propellant .................

Laboratory Weight ....... ..-. .........

Basic Laboratory Structure ..... ' ..........

Experiments ......................

Experiment Support Systems ...............

Expendables . . ....................

CSM Experiment Dependent Weights ..... ........

RCS Propellant ......

Main Propellant •• • • • • 0 • • • • • • • • • • • • 0

(10,360)

(9,228)
(1,18o)

* (9,763)

2,325

3,845

2,932
661

419

Total Laboratory & Experiment ..............

Allowable Lab & Exper. Weight .............

Total Orbiting Weight .......... .........

Service Module Propellant (Ascent) ............

SLA Adapter ......................

Launch Vehicle Payload ...................

/

(10,182)

85,707

30,970

0

3505

34,475

--_ J Ja|l I_ lili, ifDlll li L



4. FLIGHT OPERATIONAL SUPPORT: FLIGHT NO. 507

Experiment OlO0 & 0200 - Medicine and Behavioral - Periodic daily data

transmission and ground monitoring of safety parameter data.

Experiment 0501 - Radiation Environment Monitoring - External particle

flux measurements during a solar flare event are to be correlated with

the solar activity observations made on earth stationed observatories

and other satellites.

Experiment 0902 - SFnoptic Earth Mapping - A network of ground trams-

ponders is necessary to determine the relative position of the sapce-

craft to positions within the photographic field of view to lO foot

accuracies. A SECOR or AROD system w_th a world-wide deployment of

transponders would satisfy this requirement.

Experiment 1201 - Measurement of Radio Frequency Radiation - Transmit

accurate position data to spacecraft.

Experiment 1202 - Wide Band_-Idth Transmission in Space - Ground stations

will have to be suitably equipped to receive the _ideband signals.

NASA networks (MSFN, STADAN, or DSIF) will require additional antennas,

receivers_ recorders and trained operators.

Table 4-1 presents the experimental data management requirements of the

flight. A general discussion of this table and the data management system

is contained in Volume i

I
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FLIGHT 5o7

Table 4-i Data Management

Avg Daily Data Recording Requirements

Experiment

NO.

0100
S

0200
S

O5Ol

09Ol

&

o9o2

1201

14o5

Recording Time, min

Data Rate

K-bits/sec

9 (AVG)

6.4 (AVG)

0.8

2.5

(A)
51.2 K-b/sec

24
82

61

1202 Negligible Recording Requirements

(B)
1.6 K-b/sec

45

618

15

Remarks

0.8 E er.
4.7 Exper. Hr/Day

45 mln/dayMonltoring

lO sec x 40 targets x

104 times

6 Days Continuously

15 min/day Monitoring

I

Totals 167 678

Avg Daily Data Transmission Time Reqd (A) + (B/32) = 189

Avg Daily Data Transmission Time Available = 96

Data Excess (min of Tape) Per Day:

Reqd minus available Transmission Time 93

Data Excess Per Mission (min) =44 Reels
Data Tape Return Rqd: 30 min/Tape Reel

Optimum AVG Daily Transmission Time Rqd = 47 min

Voice Tape Return Rqd (2 Packages)

Film Return Rqd

Data Tape Carried

4 Ib

125 Ib

90 ibs

88 lb4.4 ft 3

.05 ft 3

2.0 ft 3

; _dmkll-smma_lrLlqSlLA •



I Altitude, n.mi 19,350 I

,O-4.3_

1. FLIGHT MISSION DESCRIPTION Flight No. 509

Mission Title: ORBITAL OPERATIONS, SCIENCE AND TECHNOLOGY

Objectives: This flight _iil test the.ability of a manned spacecraft to perform orbital

maneuvers necessary to rendezvous and capture passive spinning satellites, '

and to perform non-coplan r rendezvous and docks to an unman_edpffssive

spacecraft. Large structures will be deployed and their performance

measured during their use in space physics ex_eriments. Orbital control

of an inflatable sphere by u_iiizing solar radiation pressure will be

verified. In addition, Syncom !II will be captured add returr_ed to Earth

for study. .

' <

C onfigu ration: Modified Block II CSM_ Lzq4 A/S, Low Profile D/S

Experiment Summary:

No. T itle

0100

O2OO

0501

07o5_
0_oi

i?o2

13o3

1301_

13o6

ldO]

l_:i03

Biomedical (0106 and 0!C7 only)

Behavioral (only those requiri',g i crew r:e;:_ber)

Radiation Environment Monitoring

Radio Astronomy

Conjugate Aurora

Deplos_nent of RF }_ef]ective Structures

Extendable Rod Performan::e Test

Solar Sailing

Large Aperture Erectable Antennas

Orbital _4aneu_ering, Rendezvous_ and Docking

Systems and Techniques

Recapture of Syn,:om Ill

Equipment
.... , Location,

LEM Stage

A'S¢ Dese cM

X

X

X

X

X

X

X

I

, . .•

_¢__",....... .':AI



2-4.2

. EXPERIMENTAL DESCRIPTION SUMMARY

FLIGHT - 509 _

EXPERIMENT: 0100-0200 - Medical/Behavioral Experiments - The Medical/Behavioral

Experiments are intended to evaluate the effects of prolonged space flight on man

and to enhance his operational efficiency to permit more extensive manned space

flight missions. Twenty-four experimental measurement packages have been defined

to analyze critical human functions and to focus on those most likely, to be affected

adversely by prolonged space flight. Procedures and instrumentation employed in the

experimental packages are a composite of updated, standard medical/behavloral and

imminent state-of-the-art zero-g adapted, techniques. These procedures should pro-

vide: I) an assessment of the effects of prolonged weightlessness on the psycho-

physiological integrity of the astronaut, 2) a determination of the mechanisms

which mediate observed changes, 3) a prediction of the onset and extent of de-

graded functioning, and 4) a validation of preventive or countermeasures which may

be necessary to support man's extended exploration of space.

NOTE

These experiments require two crew men working together, one

as the subject and the other as observer. Since the crew

work/sleep cycle on this flight allows only two hours out of

each day when both crew members work together, only one in-

tegrated Biomedical Experiment can be performed (0106-0107).

i
EXPERI_[ENT: 0501 - Radiation Environment Monitoring - The: objective of the ex-

periment is to record radiation received by the crew, apd:to furnish external

radiation environment data for other experiments. Techniques for the Apollo Mis-

sion, or those employed in Tiros and 0GO, will be used. Detection devices pro-

posed for the monitoring systems are: proton-alpha and electron spectrometers,

tissue equivalent ionization chambers, and film packs.

EXPERIMF2_f: 0705B - Radio Astronomy 1-5 mcps range, using simple tunable "V"

antenna - The object of this experiment is to obtain a mapping of the galatic noise

in the 1 to 5 mcps range; to determine the location and magnitude of these noise

sources; and, to determine the relationship of signal strength and frequency. The

equipment to perform the experiment will consist of a flve channel recelvi_g sys-

tem and includes a "_" antenna. The autenna%_lll use two Insulated and glmballed

STEM devices, which are also used in experiment 1303. The antenna beamwldth,

position and tuning is to be controlled by the angle separating the antennas, the

at_gle of the "V" relative to the vehicle, and the length of the two extendible rods

respectively.

EXPERImenT: 0801 - Conjugate Aurora and Airglow - The objective of the experiment

is to investigate the detailed nature of the conjugate auroral forms, structures

and geometries in both the Arctic and Antarctic auroral regions with a view toward

defi_iz_g the causality factors and the extent of congruity. Observation and re-

cording of both aurorae from a single, orbiting platform a_ several Earth radii will

provide simultaneous measurement of the auroral form, structure, spectral intensity,

and location of the conjugate phenomena.



EXPERI!_T: 1302 - Deployment of R. F. Reflective Studies - The objective of the

experiment is to observe and describe _evelopment of large RF reflective structures

composed of flrbrous material which, on release, tends to assume a preformed shape.

A fifty (50) foot balloon will be released from the spacecraft and the astronaut

_-ill observe and photograph the deployment. The structure _rill be tethered to the

spacecraft to assure proper visual range until the deployment is completed.

EXPERIMENT: 1303 - Extendible Rod Performance Tests - The objective of the experi-

ment is to obtain data, i.e., characteristics and performance of extendible mem-

bers (rods or fine wires), during payout and deployment, and while subjected to

gradient gravity forces and solar perturbations. Stiff rods, such as the "STEM"

device, _rill be packaged for deployment while attached to the spacecraft, following

which they will be monitored and observed. This _rill be accomplished under various

spacecraft orientations. Malfunctloning_rlll be diagnosed follo_rlng the system's

retrieval. These rods_r_ll also serve as the "V" antenna on Experiment 07053,

Radis Astronomy.

EXPER!.eG_[T: 1304 - Operation of Solar Sailing Passive Communications Satellite -

The objective of the experiment is to confirm and evaluate a technique for control

of a satellite's orbital period (kinetic energy control) by utilization of the

radiation forces on large surface areas. A 50 ft. diameter spherical mylar balloon

is to be deployed from, and tethered, to the spacecraft. Half of the balloon is to

be covered with a lo_ reflectivlty, high emissivity coating; the other half is to

have opposite attributes. The balloon _rill also carry a command receiver, power

supply, and orthogonal coils to produce a magnetic field vector, which can be

commanded to accomplish orientation _Ith respect to the sun. Resulting relative

motions between balloon and spacecraft will be compared with predicted values to

refine design data relating force _th material surface properties.

_XPERI_NT: 1306 - Large Aperture Space Erectlble Antenna (30 ft. Diameter) - The

obJect_ of the experiment is to prove the design feasibility of space erection of

a compactly packaged antenna system, erected in orbit, in a precisely shaped para-

bollic colllnator for RF signals. After antenna deployment, photogrammetric

measureme_ts of the antenna surface will be made. Signal level, recorded as the

antenna is rotated through several revolutions, while receiving ground transmitted

test signal, will measure the antenna's radiation pattern.

EXPERIMENT: 1601 - Orbital Maneuverin6 and Docking - The objective is to develop

capabilities beyond Gemini and Apollo to (a) rendezvous with passive t non-coopera-

tive satellites, (b) rendezvous with non-coplanar satellites, and (c) dock with

satellites not specifically designed for docking. This experiment will be conducted

in two p_ses. In Phase I, the CSM will separate from the LEM to demonstrate non- I

coplarar rendezv_s and docking. The CaM v Ill separate up to lOO n mia_ayln

orbit i_clined 1-2 degrees from the LEM. After rendezvous is accomplished various

do_ki_:g techniques will be assessed. Phase II will use target satellites to evalu-

_ue oTtical, l-R, and radar tracking techniques to identify and track the target.

T_o different capture devices will also be evaluated on their ability to capture a

spinning target satellite.

E_O_ER!_I'iT: 1603 - Recapture of S_COM III - The objective of the experiment is to

recover S_COM III, the geostationary conm_uuications satellite, to analyze its com-

pon_ts after being subjected to space environment since August 19, 196_, and to

do_o_strate, for the first time, the recovery of an orbiting satellite. The ex-

.......... _:A,,-
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perime_t will consist of launching the CSM into a near synchronous orbit of zero

degree inclination, track and drift to S_._COM Ill position, and recover satellite

b_f marLually control s_are to bri_og aboard CSM for return to Earth.

_-":ir'"r ......



k I I i i iI i i i i n i i I

_ wlw w _ mie w _ l_liw

Z

Z

Z

0

I

7 TM

,-4
-H
c_

0

[9

g
c_
-r4

O
O_.

O

L')

c_'T o ;_o o o

_ _ ._ _ _ ._
.._ u_ .H ._

"_ _ O • O

O4
c_

..p

0

,d

0

ej

0

0S_o

O

0

0

0

£

_ 0

2-_.

,-t

,'tl 0 "_ 0

_ _ 0 o_ _4

0 ._ _._ ..
_ n

%

_,_ _ ,_ .._ ,_

OJ ,-I _-I

_'d % r...) ._ _ 0 0 0 0
•H © _ .H O 4a t_ +_ 4a

0 _ 0 O0_

<O :'0 _q ,--I eq_ .--I ,--I

N N _ N N "H N _
NOJ_

_ _ N N N
N

cO cO -._" o_ .-,-.-t. O,J_
Od ,-I ,--_

o_ Cd OJ

,I)

0 4D(D 0

.._ _ © _ .M

0 _ -P _-_
_0 _I-_ t_

-_ _ 0 _ _ _ _
o -I_ _-,-I-P _ ,--I

oooooooooo ooooooo , ,_ _,___0 _ _ _ _
0 _

0
Lf_
0

00_ _ _ 000 _ 00 _0000 0 _u_ _

G

_00
O •

,-4
D
,j)
_H

4m

b., ._ _, _

_]_ ,.-I •

0'1

u

£ o



,3

5

Lq

<

J

"/

i

D

O

_9
-p

O lIE O

•r-t _ ,-'4

0 0 4_

0

r3

0
_ dm O

I I I

0

0

2"-" 0 0 0 O...-:1
•_ Cr_ • • Lr_Lr_

-4 0 .-I OJ _-I m_

c.}

O
%)

m_

H

O

O

°5i

f_
0

po.
0

O
4-:.

U._ 0
0 4a

<)
I I I {-_-}

OO c_O

o
• _, ._
'_ _ 4m

_ o0_o
o _' > _d

•,-I • ,-4

_ 0,_
,'d .,-I

0

0 - _._0

'-_ © 0 rn,'d

:m

0
I r-q I

_O O O O-J" t%

kD<O Od,.O Od

OOOOO OO
0 L.",O 0 0 _1 ,-I

.._

_-40,J
O_--t

-.-t"
©

4-}

0

0
,--4

o _

..M

0 _ _0 _

I _rd t, c3
"3 0 <5 _,
0 &i 0 L}

0
_r-t Or_)

CU

o _ T]O

o.o _ /_ ;I

O _O .H ,2 0

Lp,, __ex,
('COd

0

(' ] _H

c]

©

O
.¼

+
M

0_
•_ _,

.et

, _

u"_O 0 ,-.I

0 0 0 0
0"3 ¢'_ c,'_
,-4 ,--4 ,-4 ,-'t

7< OJ Od Cd <".10dl
• o , + . --i

Od .OJ C_ OJ
t.l"N
Cvl

0 0 tcxO 0 0 U'_O
0 cd Od 0 b- _ ,-,.-I

h"_ o_

,¢-t ,-4 _._

•,-I I:_ I 0

¢; "---" 0 _q

_ 0 ,.L]m c'_ _._

• ° , • o . •

_,og_, ooo oo.._t_ .... °
0d --I O_ O c_ O LC•

O [9
o h 49

_,q._ 0

6} _} 0

,-t
0

u
O9

J
D

s_
8 _I

..... - -. qi
.B



.I

I

8_
h.l 0

8.

_z

0

• ta
•.@ o_

0

cJ _o
0

bDO_

4-) -,'-_ 0

._ o_00

L_

0
t_

_'_00
_ •
_- u'x 0

u-xOJ
vv

,,4-

Lg'X
0
6"-

• 0

r'e3kD

OJ

_g
,rt

-j
4._
0

0
0

2-4 7

5 _I



2-4.8

3. EXPERIMI_T/SPACECRAFT INTEGRATION

3.1 Mission Definition

Flight 509 has a two marl crew because oi' the necessity of removing a crew couch to

provide volume to recover S_!COM _II. The work/sleep cycle for this mission is

staggered to afford nearly continuous distribution of work throughout the day.

There are only two hours during each 24 hour period when neither crew member is

awake, and two hours when both crew members work together. This cycle, which is

followed for the first nixie days of the mission, is primarily influenced by the

continual _ature of the experiments occuring in this time period, and a desire to

have one crew member awake at all times in the event of an emergency. These two

co_siderations are in some conflict with the perforn_r_ce of the Biomedical experi-

ments which require both crew members to work together as much as possible. The

compromise work/sleep cycle minimizes the time when both crew members are asleep,

maximizes the time work can be performed on a continual basis, and partially sat-

isfies the Biomedical experiment requirements.

The work/sleep cycle for the remai_ing five days of' the mission is governed by the

dy_amic nature of the 1600 series experiments i.e., the time required to perform

orbital transfers and docking maneuvers. The work/sleep cycle is tailored to fit

within the time limitatio_Js of these _neuvers.

This flight is primarily an Orbital Maneuvering and Docking mission with major

emphasis given also to the Space Structures Experiments (1302, 1303, 1304, 1306)

and Conjugate Aurora, Radio Astrofiomy and Radiation Mo_itoring Experiments (0801,

0705b, and 0501 respectively). Biomedical and Behavioral Experiments (0100-0200

series have secondary priority and are performed in unscheduled work periods.

Sluice there are only two hours out of each day when both crew members work together,

o_ly one integrated Biomedical Experimerlt can be performed (0106-0107). The

maximum length of time which cai_ be devoted to all secondary experiments is ll-1/2

I of Experiment 1601.
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Experiment scheduling is influnced by spacecraft orie_}tation requirements, light-
lug requirements, and the numberof crew membersrequired to perform the experi-

ment. Within the first nine days all of the secondary experiments are satisfac-

torily accomplished. Iu the time remaining most of the Behavioral Experiments

(0200 series) requiring only one crew member,are also performed.

The tenth through fourteenth days are primarily devoted to performing the Orbital
Maneuvering and Docking Experiments (1601, 1603). Experiment 1601 Phase II is

scheduled before 1601 Phase I, so as to retain the LEMLab as long as possibl% in

the event Phase I is unsuccessful. Phase I requires the separation of the L_4 Lab

from the CSMand subsequent out-of-plane rendezvous and docking by the CSMto the

LF_4Lab. Obviously, if 1601 PhaseI is performed early in the mission, and is

unsuccessful, the mission z_st be aborted, since all secondary experiments are

stored i_ the Lab. (Phase I is Jr dependent of Phase II so the reversal of phases°

will not adversely affect the achievement of experiment objectives.)

Captua'eof Sy_]comIII (1603) is scheduled to follow 1601 Phase II because the

techr_iques and experience gained in Phase II are of great value in performing

this experiment. It has been assumedthat after Phase II is complete the CSM/

LEMspacecraft will be only a few miles distant from S?;ncomIII. Therefore, oulJ
the terminal phase of rendezvous will be required to capture SyncomIII.

The crew schedule is su_m_arizedi_ Table 3-1 and _etailed in Table 3-2.

36-hour period of the ezperiment mission profile is showrJin Table 3-3.
tior,al data of interest is listed below:

Addi-

_pacecraft Inertia!ly Oriented
SFscecraft Earth Oriented

Cpacecraft Free Drift

A:_gular Reorientatio_ s
EVA"s

8 1/6 days

15 hours

5 days 7 hours

4o

4 to 5
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Table 3-2 CREW SCHEDULING, FLIGHT 509, SHEET._L_OF-._.-

DAY _ CREWMEN ACTIVITIES

'( _ E/Hyg

0202H Rest

0201a
K

)

) E/Hyg Sleep

Rest
)

i

3 _ E/Hyg
)

3 ) Sleep 10_

) 9_ola

)

1 i

1

) E/Hyg & 1
1 Rest 1302 3

1 ) 0501

l ) 0202e,d Rest

IE31Z

1 3

0106- 0106-

0107 01o7

]

0202e_f i

1302 1303

i Rest Rest

Z/Hyg

(

(

< Rest

(

(

M g/Hyg
q

_' 1302&_
),

I [ ! I I

NOTES E/Hyg

DAY _: CREWMEN ACTIVITIES i DAY _ CREWMEN ACTIVITIES

3 1 2 3 Wo 1 2
,'_ oooo
" ?o

_,'Ol[_°o

0200

2O
I hO

', 0300

_'0t(O

•, _0

' _ 0500

!! .o
:', o600

UO

::i 0700

:_ 2o

;_ _o
, _ 0800

gO

090O
PO

i000

1100

2O
i 4o

'i, 12oo
20

i 1_0

_: 13oo
_, 20
_,, 2_0
_ l_OO

2O

t 1500
aO

20
aO

16oo

20

17oo20

I: ao
,: 18oo

' ; 20

!t _o
19OO

!! 2o
,,_ _0
,',2000
,", 20
:' _o
I_21o0
'_ 20

,_ ao

2200
20

23O0
l: eo

", _oo

3705b Rest 012_ 0705b

_o

o_

)203e 032a(_

r3o_ _o
_/Hy_& Sleep OL_20_O E/Hyg Sleep

Rest : LIO
io_oo e_sek_

20

:o6oo
: PO

i 0700 E/n_
E/Hyg ', 20

Rest _ 08 _^ Rest
_leep 10_ 32021 _?; Sleep

_0

' 0oOO
20

O203a-h! _ _ ;40
,',' 1000
I_ _0

_ 4O

"_/Hy---'_', ',, 11 O0
'_ 20 E/Hyg
R aO _es t 77_Rest 9705b ,\

1200 0501
1 _02 _501 ,_ 20

_o
0203 _-oSol _ 1300 Rest
a,d,Ch Rest _0_021 _ 20

hO

1 I_00

3801 _ 20 0106- ,0106-3i06- 0106
40 0107 0107

)i07 -0107 _ 1500

_o
_ ao

_ 20

',_ aO
Rest Rest _ 1700 Rest Rest

: _ 20

0203b,g :_ ?0:_ _o
E/Hy_ :_, 19oo E/Hyg

:_ eo
',_ _o

'x 20 uzuta
,_ ao
!: _100 Rest 020_Rest
_ 20 2.=2....-
_' _0

_o_0__U__, _ 2_oo
"i 20

E/Hyg _ 2300 E/Hyg

_0

1_o2 _ 2_oo

I . %_ t

DAY _ CREWMEN ACTIVITIES

L..,..=2--

H£%Z___
lest

_705b

3201a

D20_

:-f,h

E/Hyg Sleep

_est

K/Hyg

Rest

31eep

h/Hy_

Rest .'!SQl___

Rost

OLO6- 91o6-

o107 OlO7

Rest Rest

E/Hxg

Rest

_/HY_

Eat & Personal Hygiene

Limits of. Experiment Time

Limits of EVA

H
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DAY

I

NOTES

Table 3-2 CREW 8CHEDULINO, FLIGHT 509 , 8HEET.2.__OF_

CREWMEN ACTIVITIES

i 2 3

FJHy_

Rest

i1306

13o_

E/RyE Sleep

Rest

E/Hyg

Rest

Sleep D'_

0203a

DAY _ CREWMEN ACTIVITIES
H

1 2 3
_ oooo
, _/Hyg
t 20

_ aO _est

,, oloo
• 20

:_ 0200
:_, 20

_ o3

I OhO0 Sleep
2o _/Hyg

: 0500 lest

20

' : 40

i i o6oo
, _ 20

:':" 07 g/Hyg

': Real
: Bleep

CREWMEN ACTIVITIF_

1 2 3

z/Hyg

Rest

E/HyE Sleep

Rest

_/Ryg

Rest
Sleep

O201

a,b,e

0202

c,d,e

E,/HYK

Rest 1304

9.591--
got

020l Rest

0106- :0106-

0107 0107

_----.o8oi

Rest Rest

JZ2_./¢

zlHyg

Lloh

EVA

: Stand

IBy

E/Hyg

! .

g/Hyg

Res t

--Rest
oo_q_922_

0203a

0801

02o _&f o2034/I
oio6- OLO6-

0107 0107

0203h 020]h

OROl

Rest Rest

!0801 .

'E/Evg

0203c

Reel

z/Hy¢

i I! !

E/Hyg

Rest i_0_

_! III

_ 20

II 15 blo6-

_ ,0 )107
I 16o0

,,,, 20
,_ 40
_ 1700 _est

,,, 2o
_ _o

,_ 18%

"_ _o

: 19oo'i 20

i_ 2ooo

:_ 20

1_ 21 Rest

2200

: 20
: 4o

:', 2300 t./Hyg
, : 20

, : 2_00

Rest

0106-
0107

Rest

i l

f

DAY _ CREWMh_ ACTIVITIES, 2 3
ooO0 0202i _,/HYE

20

•_,,' aO 0203 _es t

_ 0100 a,bA,e ,f

,,' 20
• _ 4o

_ 0200

,,_ 20

'' 0300
'_ 20

;_ _o

'i 0110020 E/HyE Sleep

_ LIO Rest

, 0500
; _ 20
:_ ao

:l 20hO

_0 Rest

i!o8oo S_eep
' : 20

" ' aO 0203

,'i09oo d,e,r.t

_:: 20_0

i ]000

;i 11oo ;/Ry6
_ aO _est _04

',_ _o

'i I_OO )8Ol
20

_0

, : 1500
2O 0106 3106

!! .o
'' 16oo

20ii.°
1700 fleet Rest

2o
18oo 0801

20
_: ao

!i igoo E/Hyg

_t 20
40i!2ooo

,,_ 20

_ 2100 Rest
_ 20 •

:_ _o

_ 2200

;i 2O
_0

::: 230O E/Hyg
20
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Table 3-2 CREW SCHEDULING, FLIGHT 509, 8HEET.A__OF_

DAY _ CREWMEN ACTIVITIES

,,
OOOO IE/Hyg

2O

40 Rest
0100

20

4O

0200

20
ho

0300
2o
14o

0400 _ Sleep
20 E/Hyg

140 Rest
0500

20

4o

O600

?0

_o

0700 E/Hyg
2O

40 Rest
0800 Sleep

2O
aO

0900
20

40

1000

PO
40

II00
20

40 Rest

1200 0501 _
2O

hO

1300 Rest
2O

aO

11400

20

I_O 0106- 0106-

1500 iOlOZ 0107
2o

140
160O

2o

40

1700 Rest Rest
tO
hO

18oo

2O

19oo FJHyz
2O

aO

2OOO

2O
40

2100 Rest

2O
40

2200
20
40

2300 E/Hyg
2O

aO

24OO

DAY _ CREWMEN ACTIVITIES

000o
2O _/Ryg

40 Rest
OiOO

2O
4O

07OO [601 1601

20 PH IX PHII
14o

O3OO
2O

aO

0400 E/Hyg E/Hyg
20

40
Rest Rest

O5OO
2O
40

i o6oo
_ 20

%

! 07oo
_ 2o

l 4o
%

0800 £1eep 31eep
20
hO

o9oo
20

_io

1OOO

20
:: 140

' : IlO0

' : 20 E/Ryg E/Hyg

' _0 Rest Rest

1200 0501} 2o
40

: 1300

: 2O

', 11400

140
15oo 1601 1601

20 PH II PH II

14oi 1600
20!! 14o

I: 1700
20

40
1800

20

llo

IOO0 Rest Rest
20

40

20OO
20

40

2100 E/Hyg E/Nyg
20

_0

29OO

20

40 f

232_ Rest Rest

DAY _ CREWMEN ACTIVITIES DAY _ CREWMEN ACTIVITIES

toot _t
000(3 _, OOOO Z/Hyg E/Hyg

20 1601 FR II '
14o PR IZ _ _, 20_0

Oloo 0201a _ 0100 Rest Rest

20 _! _o
4o _ I_ 14o

• 0200 c-f _ 0200

• 20 ,_ 20

140 i! ',0

I 0300 i_ 20• 20 _ 0300

Ol_OO -- Sleep '_ 0400 1603 1603
20 Z/Hyg _ 20

140 _ _o
' 0500

0520_ Rest il 20

• 40 !i 40
o600 : _ 0600

2o
?0 i_ ,loaO •

0700 i_OToo
20 E/Hyg _ 20 E/Hyg E/Hyg

40 Rest :_ 40 Rest Res_
0800 Sleep _ i_ 0800

20 _ ,: 20

40 020_a ,: 40

0900 0202 'i 0900
20 e-r :, 20 _1 _}
40 ,: 40

i000 ;: 1000
20 ,_ 20 Rest Rest
40 :_ 140

llO0 -- Rest _ llO0
20 E/HyE 20

llO Rest __ aO

12oO 0501 _ 20 1601 160120 _ 1200

40 40 PHI PHI

1_oo _ 13o_
140 _o

li_OO 1601 1601 ,, 14OO E/Hyg E/Hyg
20 ,PH II PII II _! 20

_O _ _0 Rest Rest15oo _ 1500
2o _ _o

1600 ..... 1600
20 20

40 hO

17OO Rest Rest 17OO
20 20

40 140
1800 E/Hyg E/Hyg 1800 Sleep Sleep

20 20
i 40 _O

1900 19oo
20 20

40 _O

2000 Sleep Sleep 2000

20 20
140 aO

2100 2_OO E/Hyg E/Hyg'
20 20
40 I10

2200 E/HyE E/HyK 2200 Rest Rest

20 20
40 aO

2300 1603 1603 2300 'Rest Rest
20 20
_O -- -- - _O

2400 2_00

NOTF._
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DAY
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!)OI'v_l

Olr_,)
7AI

hO J

0200 1

0_0_
2g

4Q

j:)

0_(]0

h )
_O0

_0

0700
?0

hO

O8.OO"

FO
/lO

0900
2O

40

lO00
20

hO

IIQO

20
h 0

1200

JO
40

13oo
2o

4 o

I a_o

20

150n
_0

hO

]6o0

40

17oo

,o

18o0

2O

4c_

19O0
,'0
40

200_0

?0

40

2100

iO

40

? 200

20
40

2300
20

2h00

I.

NOTES

[-, CREWMEN
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3.2 SPACECRA_ DEFINITION

Flight 509 configuration_ showT_ in Figures 3-1 a:_d 3-2, carries experiments deal-

i_g with Space Structures Technology (1302, 1303, 1304, 1306), Maneuvering and

Docking (1601, 1603), Radio Astronomy (0705B) and Conjugate Aurora (0801).

Additional experiments are Biomedical (OlO0), Behaviorlal (0200) %rid Radiation

Monitoring (0501). The conjugate aurora experiment (©601) and the Large

Aperature Space Erectable Antenna experiment (1306) require earth pointing.

The radio astronomy experiment (0705B), deployed and evaluated as a portion

of the extendable Rod Experlment (1303), requires stellar orientation.

Maneuvering and Docking Experiments (1601, 1603) require that relative

orientation between rendezvous vehicles be mainzained to less than 0.2 °.

During the remainder of the experiments nominal spacecraft attitude is earth

oriented with the spacecraft's longitudinal axis located in the orbit plane.

Attitude is held within a dead band of _5 ° except during experiment periods

having specific pointing and stability requirements. The CSM RCS is used for the

Orbital _neuvering and Docking Experiment (1601) and Syncom IIl Capture (1063),

and requires additional RCS tankage. LEM RCS is used to stabilize the unmanned

Lab for Phase I of the 1601 experiment. Pointing and stability requirements

_re accommodated by the CSM up to the RCS propellant capacity of the Block II

CSM version. Beyond this capacity, the LEM RCS system assumes the attitude

hold function.

All experiments except Biomed (OIDO) and Behaviorial (0200) and a portion of

Radiation Monitoring (0501) are located in the D/S. The Biomed (O100) and

Behavlorlal (0200) equipment installations are co_mmon for all flights.

Proton-alpha, High and Law E_er_y Spectrometers of 0501 are located in the D/S

and supporting equipmeut i_ the A/S cabin.

The capture devices (net and ma_netic boom) and _arget satellite for the

............... _ _i,_me_ _ou_) are located on the D S. The net

associated with 1601 is also used to _apture S_rncom III (1603).
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A boresighted star tracker, located on the D/S, and a star tracker, located on

the A/S; ar_e used for the Radio Astronomy Experiment (0705B).

A 30 in. descent stage is required to accomodate the erectable antenna of Exp.

1306. All other experiment e_lipment installations involve additions to existing

LEM A/S structure and the basic low profile descent stage.

The in_aard profile (Fig. 3-2) sho_:s that adequate internal volume is available to

accommodate experiments. All experiment displays and controls are located in the

fom_ard cabin or are accessible from forward cabin crew positions. Food and LIOH

canisters are stored internally mounted on the aft bulkhead of the Lab.

Supporting electronics for experiments are carried in the aft equipment bay of

the ascent stage. An existing LF_I ascent equipment rack and cold plate is used.

In addition to the standard CSM/LEM Lab interface, this flight requires additional

wiring for accommodating earth pointing requirements. Interface wiring involves

star tracker and earth tracker sensory inputs used to maintain attitude hold.

This flight utilizes an Apollo CSM fuel cell electrical generation system, a LEM

ECS to provide suit circuit operation in the lab during EVA and selected com-

ponents to provide da_a transmission, status and appropriate displays.

_neuvering, docking, and limit c}cle operations required by the experiments re-

sult in the following propell_ut requirements:

_st be carried in LEM: 85 ibs

Must be carried in SM: 2225 ibs

Carried in eithcr L_4 or S_4: 900 ibs

To acco_nodate these requirements, an Apollo X SM RCS capacity of 2280 Ibs is

assu,_ed for the Block T[ ,,_,. _h_ L_4 carries the o_ Ibs required and also t_e

900 ibs that can be carried in eii_her vehicle. Four sets of LEM RCS tanks will

provide this capacity.

For operation during the separa_ ed mode, a 5 _tt _-band data link to ground is

suggested. A VHF co_m:,a_d ]iL_k, operated from the Cr4, is used to provide fine

attitude hold control of the LEM I,a! before docking.

The estimated laboratory weight is 8314 ibs (see tables 3-4 and 3-5).

-- --_i ........... | --
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Basic subsystem characteristics pertinent to this flight are described below:

Vehicle Pointing Reqm'nts

Stabilization Reqm'nts

Avg. Experiment Pwr (Delivered)

Number of Repressurizations

Equipment cooling

Inertial (8 1/2 days); Earth (i/2 day);

Drift (5 days)

±.5 ° @ 4 days; ±5 ° @ lO days

225 Watts

3

20 ft 2 radiators

Number of Fuel Cells

Oxygen Tanks

Hydrogen Tanks

Peaking Battery

Fuel Cell Cooling

RCS System

RCS Tankage

S & C System

Water for Thermal Con (Max)

Water Generated

2

1 Block II

1 Block II

None

i0 Ft 2 Radiator

St'd LEM Thrustors

4 LEM Ox & 4 LEMFuel

ATCA, Rate Gyros, Command Assembly,
Sensors

5.9 ibs

195 lbs

Q
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Table 3-4 LEM LAB DETAILED WEIGHT STATE_NT

Flight 509

COMPONEh_
Weight, ib

Configurati on i

Structure . ..........................

Basic Ascent .....................

Rack ...........................

Shielding ..........................

Power Pack Structure ....................

Experiment Supports ....................

RCS Supports .......................

Stabilization & Control ...................

Attitude Translation Control Ass'y .............

Rate Gyro Ass'y ......................

Controllers .........................

Star Trackers & Electronics ................

Earth Tracker ........................

Navigation & Guidance .....................

Digital Command Ass'y . ...................

Program Coupler Ass'y . ...................

Crew Provisions ........................

Restraints .........................

Lighting .........................

Food ................... " ........

LiOH - PLSS ........................

Reaction Control System ....................

Propellant .........................

Propellant System ......................

Pressurization System ....... , ............

Thruster Ass'y ......................

Controls & Displays .......

Environmental Control .....................

Atmosphere Revitalization System ...........

Water Management ......................

Heat Transport, Cold Plates, Coolant ............

LiOH-ECS ..........................

Water ..........................

Radiat;rs .........................

Therlral Control .......................

[1966)

8O2

47O

4O2

5O
179

63

(163)

27
2

14
84

36

(47)
15
32

(114)

35
I0

6o
9

(1485)
985
268
llO

122

(224)

(481)
80

D_

36

io5
1o4

40
76
6
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TABLE 3-4 LEM LAB DETAILED WEIGHT STATEMED_Ff(Cont'd)

Flight 509

Component
Weightj ib

Configuration I

Instrumentation ......................

Signal Conditioner ...................

FCM & Timing Elect Ass'y ...............

Data Storage ........

Experiment Selector ..................

Data Tapes ......................

Spare Voice Recorders .................

Electrical Power Supply ................

Fuel Cell Ass'ys .................

Reactions and ECS Oxygen ................

Reactant Tankage ....................

Plumbing ......................

lnverters ....... . ...............

Wiring, Distribution & Umbilical ............

Communications .....................

Television .......................
Audio Center ......................

Voice Recorder .....................

_}IF/U}_ Communications ................

Experiment .......................

SD_res .............. . ..........

Total Laboratory ..................

(_7)
45
39

25
6
3o
2

(1341)
492

2o3
179
4o
75

352

(99)
24
6
2

67

(2238)

(9)

8314
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Table 3-f N;±-_RA_mu oPA_mS_RAFr WEIGHT sTA=m,_NT

_ LI,_rl'2 509

COMPONENT

Weight, Ib

Configuration I

?o_end Module Basic ,,;eigh% ...............

Service Module Basic Wei_ht ................

"_M Retro Propellant

L_oratory Weight ...................

Basic Laboratory Struc!_e ...............

ExT)eriments eeeoo o,oeeeoeeoeoe,eee

Experiment Support Systems ...............

Expendables ......................

(lO,36o)
(p,254)
( rT,  oo)

(£,314)

1,966

2,238

2,709

1,401

CSM Experiment Dependent Weights

RCS Propellant ..................... 2,123

Main Propellant ................... - • • 2,005

Experiment ....................... 764 "

Additional RCS Prop. Tankage .............. 375

Total Laboratory & Experiment ................ (13,584)

Allovable Lab & Exper Weight ............... 20,136

Total Orbiting Weight .................. 50,698

<'_ ' Module Pr pe]l (A t)ocrvioe 0 ant seen • . • • • • • • • • • •

<£1A AaaDter ......................

Launch Vehicle Payload ..................

21,200

3,505

75,403
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4. FLIGHTOPERATIONALSUPPORT:FLIGHTNO. 509

Experiment 0100 & 0200 - Medicine and Behavioral - Periodic daily data

transmission and ground monitoring of safety parameter data.

Experiment 0501 - Radiation Environment Monitoring - External partlcle

flux measurements during a solar flare event are to be correlated with

the solar activity observations made on earth stationed observatories

and other satellites.

Experiment 0801 - Conjugate Aurora and Airglow - Coordinated auroral

observations from ground stations. And, particle and geomagnetic meas-

urements from satellites and ground stations.

Experiment 1302 - Deployment of R.F. Reflective Structures - Radar

observations at as many frequencies as possible when the structure has

been separated from the spacecraft.

Experiment 1306 - Large Aperature Space Erectable Antenna (30 ft. Di-

ameter) - Spacecraft antenna system to track either earth-generated

signals or switch to other spacecraft for comparative tracking accuracy

experiments

Experiment 1601 - Orbital Maneuvering and Docking (Phase I & Phase II)

Ground tracking at least once per orbit to accurately determine ephem-

eris of all vehicles.

Experiment 1603 - Recapture of Syncom III - Ground station ranging

observations of both spacecraft and satellite to aid in effecting the

recovery.

rFabl_ 4-1 presents the experimental data ma_agemeut requirements of the

flight. A general discussion of this table an_ the data management sys-

tem is contained in Volume i.



.......... TABLE4-1.

Avg_ Daily Data Recordi:_g Requirements

Experiment

NO.

0100 s

0200 s

0501

o8ol

13o3

13o6

1302,]

1304,;

.., 705B

Data Rate

K-bits/sec

9 (AVO)
6.4 (AVG)

0.8

1.2

0.2

0.2

FLIGHT 509 DATA _ANAGEMEN_ ............

•f : .

Recording Time., 'mh_'- ':

(Bi, i,
"1.6K- /seo

45

103

17

13

(A) ..

51.2 K-b/sec

_ _e'markg ..... ' : ."

• , , : "/,

4O

3o

Totals

Negligible Recording Requirements

2-_.25

1.3 Exper-Hr/Day

1.7 Exper-Hr/Day

45 Min/Day Monitoring

6 Hr x 4 Times

4 Hr/Mission

3 Hr/Mission

Requires three days continuous transmission. Data from t_e .

other exper, must be recorded during this period ..... ---*.: '-.

I ! I..i._;': _' ",_;..,_. t ;70 178 _.................... _" '_'

Svg. Daily Data Traesmission Time, min: ; ,

• Reqd: A + B = 248 min

• Available , Continuous _ _ i

NOTE: During exper 1601, the Lab is separated and unmanned. B_th eXper and

status data must be transmitted and/or recorded during t_ese periods.

Data recording is also required on the CSM during exper 1601._

Data Tape Return Required zero li, zero cuft

Voice Tape Return Required (2 p_ckages)

Film Return Required

Data Tape Carried

4 i_,

40 ib,

30 lb

0_05 cu ft

l_O cu ift

; l

' ---- -- :1 IIIt" .......--.... "It-



Altitude, n. mi

Mission Title:

Objectives:

.

I i
PG940TE SENSING OF EARTH'S SURFACE

FLIGHT MISSION DESCRIPTION

I Duration, days

2-5.1

Flight No. 215

This flight is devoted almost entirely to multi-spectral and high resolution

Earth mapping. At the end of the mission, the configuration for producing

artificial gravity will be tested for a future operational fllg_ht. The spin-

up and despin operation will also be used to perform Medical Exper_nents 0101
and 0102.

Configuration: Block II CSM, L_4 A/S, D/S

Experiment Summary:

No. Title

0100

O2OO

O3Ol
O5Ol
09Ol
O9O2

Biomedical

Behavioral

Artificial "g"

Radiation Environment Monitoring

Multi-Spectral Target Characteristics

Synoptic Earth Mapping

Equipment
Location

ASC lDes£' CM
X
X
X X
X
X, X
X X

I

m
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2. EXPERIMENT DESCRIPTION SUMMARY

FLIGHT - 215

EXPERIMENT: 0100-0200 - Medical/Behavior Experiments - The Medical/Behavioral

Experiments are intended to evaluate the effects of prolonged space flight on

man and to enhance his operational efficiency to permit more extensive manned

space flight missions. Twenty-four experimental measurement packages have been

defined to analyze critical human functions and to focuson those most likely to

be affected adversely by prolonged space flight. Procedures and instrumentation

employed in the experimental packages are a composite of updated, standard

medical/behavioral sad imminent state-of-the-art zero-g adapted, techniques.

These procedures should provide: i) an assessment of the effects of prolonged

weightlessness on the psychophysiological integrity of the astronaut, 2) a deter-

mination of the mechanisms which mediate observed changes, 3) a prediction of

the onset and extent of degraded functioning, and 4) avalidation of preventive

or countermeasures which may be necessary to support man's extended exploration

of space.

EXPERIMENT: 0301 - Artificial Gravity byRotation of Entire Station - The

objective of this experiment is to determine the radius sad rotational speed of a

system to supply artificial gravity for convenience and/or maintenance of phys-

ical condition in a spacecraft. Artificial gravity will be simulated in the

Apollo command module and L_4, by separating the vehicles with a cable system

and rotating the entire system. Equipment will be provided to facilitate control

of radius sad rate of change of radius or rotation. Operational procedures to

obtain different degrees of gravity will be developed and studied for parameters

of radius, rotational rates and time.

EXPERIMENT: O501 - Radiation Environment Monitoring - The objectives of this

experiment are to record radiation received by the crew, and to furnish external

radiation environment data for other experiments. Techniques for the Apollo

Mission, or those employed in Tiros and OGO, will be used. Detection devices

proposed for the monitoring systems are: proton-alphaand electron spectrometers,

tissue equivalent ionization chambers, and film packs.

EXPERIMENT: 0_31 -...Mul.ti-Spectral Target Characteri§tics Determination - The

objectives of this experiment are to gather multispectral imagery and spectral o

response samples from a wide diversity of target areas under different illumi-

nation, temperature, and atmospheric conditions. This will provide the data to

establish the extent to which characteristic, distinguishable, spectral signa-

tures as gathered from space may be used to identify and to measure useful earth

and atmospheric properties. The e_xperiment involves the identification of sur-

face and subsurface features and their interrelationships, by simultaneous mapping

with sensors at different l_ortions of the spectrum; allowing unique spectral re-

sponses to be correlated to establish both spatial and spectral signatures for

unambiguous identification. In addition to spectral discrimination, signature

variations are to be observed as a function of aspect or stereoscopic viewing

and polarization. The spectral region covered lies between the near ultraviolet
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and radar wavelengths. All techniques, excepting radar, are passive receptors

of the spectral emlttance/reflectaD_e radiations from the surface areas resolved.

Supplementing the imaging techniques are non-lmaging instruments which require

motion compensation to permit greater observation times of select areas of interest_
Other accessory instrumentation includes the use of VHF equipment to afford greater

penetration and sublayer measurement, gravity gradiometers and geochemical spectro-

metry to detect trace components in the atmosphere.

EXPERIMENT: 902 - Synoptic Earth Mapping - The objective of this experiment is to

omprehensively photograph the land areas of the earth with very hlgh resolution

film co show the detailed geomorphology, transportation networks_ urban and rural

land use, vegetation types, and to provide for hydrologic surveys, road surveys,

and resource assessment. Additionally, surface moisture, ice depth and microwave

emission profiles will be obtained. Black and white photographs of ED ft. re-

solution will be acquired at the red end of the visual spectrum for maximum haze

penetration. Such photos will be taken only during good atmospheric viewing con- J
dit_ons. A pair of photos of the same area shall be acquired to provide good

stereo resolution. A rotating mirror may be used to acquire several photo pairs

adjacent to the satellite ground track when weather conditions are favorable, so
that complete coverage may be obtained within the 14-d_y mission duration.

Sim_itaneous photographs shall be acquired in the blue, yellow and near infrared

special regions to a resolution of 200 ft. This imagery wil ! provide the Capability
for the construction of true-color photographs and the custom selection of a false-

color best suited to identification of a particular image class. A broadband

VHF radar will provide surface moisture conditions and type while a radiometer

operating at four different microwave frequencies will provide emission character-
istics.
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3. EXPERIMENT/SPACE_ INTEGRATION

3.1 MISSION DEFINITION

The primary purpose of Flight 215 is earth mapping in the visible and near

visible spectral regions. At the end of the flight, the mechanism and operational

technique to be used for producing artificial gravity on a later flight is tested

to ensure its operational feasibility.

The crew duty cycle has been chosen so that there is always an astronaut availa-

ble for work. With this cycle, Experiment 0901-2, Earth Photography InMultiple

Spectrum Bands, is performed during the daylight portion of every orbit for

13 i/2 days, except for the seventh day where film and LIOH changes are necessary.

As implied by the notation 0901-2, it has been assumed that it is desirable

and feasible to couple experiments 0901 and 0902 so that both may be performed

at the same time by one astronaut. In this way, when an area of interest is

chosen, all sensors determine the signature of the area in their respective

frequency bands.

At the end of the flight, five hours are devoted to testing of artificial gravity

ap_aratus (Experiment 0301). Two hours are allotted for extra-vehicular activity

in setting up and tearing down the experiment, two hours for separating and

reeling together the vehicles, and one hour for spin when separated.

Expe_'iment 0501, Radiation Environment Monitoring, requires only ten minutes per

day per man and is easily fitted into the crew schedule.

Adequate time is available to perform all primary experiments as defined. Nominal

_Torking hours are devoted to system checks and performance of O100 (Biomedical)

and 0200 (Behavlo?al) Experiments. However, because of the crew schedule selected

uo properly perform 0901-2, a minimum of crew time is available for the OlOO

experiments where two men are required.

Q

.... ....... ..[
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Because of the repetitive nature of the experiments, crew schedules for days

i thrc_ugh 6 and 8 through 13 are identical Day 7 is slightly different

because of the need to have all three astronauts available for 0301.

_e crew schedules are summarized in Table 3-1 and detailed in Table 3-2. !T_e

e×rperiment equipment mission profile is shown in Table 3-3.
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Table 3-2 CREW SCHEDULING, FLIGHT 215 , SHEET_A._OF_/__

DAY F'

cq

o

00¢_q __

20

II0

0100 I2q

aO

0200

_° ]-hO

0300
2O

110

0400 -['-

20 _L
ho

o5oo

2.,,i) T
bo

06oo

Po

hA

0700 12o

O8OO

20 T
4O

oqoo

2,)

lio

lO00 120

1100

20 T
aO

120o

ZO

aO

1300 120

40

lhO0

2O

40

15oo I
_U

_0 •

16oo I
20

aO

1700

_0

18oo
2O

bO

19OO I20 I

aOI

20O0 I
2O

¢_o I l
2100

20

40

2200 Zro I

2gO0 _

i

CREWI_EN ACTIVITIES "_ DAY

1. 2 3
_: 0000 !

0901,2 _: ,n

_/Hyg _ : 40

-- _ OIOO
x\ 20

_est _ 80

-- 0901,2_ 0200

_._ 20

3200 _ _0

Sleep -- _ 0300

Rest _ 20

DlO0 0100 _ 20

D901,2 0200 _ 0500

,_ 2o

 1ooOlOO
0901,2_ 2O

E/Hyg E/Hyg __

O7OO
2o

Rest Rest --_ 40

09012_ 08o0

_o -[(3200 _ 40
E/Hyg _ 0900

OQOI, _ k_--_ 20
llO

Rest ,_l_O 1
.1

Rest Sleep O901,2_ II00

0200 _ _o -T

--_ 12oO
I

0200 OOOl 2_ 20
" ' _ 40

O1OO NI¢_O _ 20

be
o9oI,_ ,._laOO

2o IE/Ryg E/Hyg _ _O

E/Hyg -- _ "

__ O9Ol, 2 1700

Rest 0200 _ 20_0 -[

- _ 18oo

0901,2 _x 20
bo

Rest Sleep _ 19O0]20

Uo
0901,2 _ 2000

_o-]0100 O100 _ hOR 21oo
0200 0901,2 _ 4020

--, _ 22oo
_ 20 J

E/Hyg --, E/Hyg _ 40

__ 0901,2 _ 2300

--I _ 20 _-I
Rest 0200 i Rest _ 40

2_00

CREWMEN ACTIVITIES _ DAY

1 2 3
N

i ,9o_,2 _ 20• __,,'Ryg _501 _ OlOO

2O

I leep

1

T

I

_es t --,_ _O

,901,2 _ 0200

)=oo _ .o_°T
._ 0300 i

)901,2 lest ._ 20
_0

)_o---T-- _ oaoo T
]lOO )100 _ 20 I

)901,2 )200 ,_ 0500

o 201-[
_01)100 1100

._ 060o I

_901,2 _ 20
;.,'Hyg _/Hyg aO

• 20

_est Rest _ ZlC) !

)9o_,2 ._ o8oo '

_200 N 110

g/Hyg _ 0900'

'901,2 -----------k\ 20
ao

_est_ 100ol
'_' 20 .1--,_ _o

_et Bleep )901,2 _ i]O0

--_ 20 --

)200 _ : 40
__ : 1200

_901,2 _/Ryg .: 20

ao
_,e..gt _ 13oo

)200 _ 20
,'q 40

)9Q1,2 __ : IbO0

20

E/Hyg : I_o

"i 15oo
)901,2 Rest __i

_leep _: 160020
•_/Hyg __

40
17oo

-- 0901 ,___._ _ 20
aO

_est 0200
1800

2o
__)901'2 _ _O

Rest ___ 1900

_/Hyg _ 2O
--_ ho
8e_t _ 2000

........ _r_-dr--_ 20
Film Film by For _ LIO

e_n_] And F11m _ 2100

LIOH Ll0h And _ 20

_hange Change LIOH _ _0

_'_ 2200

........ _ 20

E/}lyg _ _I0

--:Rest" _ 230_0

Rest 0200 _ . I10

_ 2rio0

NOTES D_ys 2 thru 6, and 8 thr_ 13 are Identical to IMy 1.

12iK,/Hyg

Rest

3200

Bleep

O9Ol, 2]

I:)=K_ 1 I

0100 i
i

o901,2

E/'lfyg

Rest

0200 Sleep

0901,

0501

Rest __

lies t

0301 0301

i

! i

Earth Derk

Earth Light

ete.

_N

CREWMEN ACTIVITIES k_ DAY

 9Ol
'_ ;o

_-Fv-_ OlOO
20

2901,2_ 0200

_ 20

0300

Rest _ 20

040
3100 _ 20

bO
0500

0200 _ 20

_o
._ o6oo

0901,2_ 20

,_ 0700
po
_o

0901,2_ 0800
20
bo

_./._g _ o9oo

R bo I
Rest $ lOOOI

20 ,

0901,2_ II00

20'

bO

____ x_ 1200 1

O3Ol _ 20
Setup _ liO

.... _ 1300
20

p _o
:: ibo0

0301 ' : 20

._ '_0
___ ',. 16oo

0301 _ 20

Test _ _O

_o_B_ _,_ 17OO
2O

18oo
2o

g 190o20
110

$ 2000

o
2300

N 20

2200

20

,_ 2300
20

,_ _o
2_00

CREWMEN A CTIV ITI F.B

I

1 2 3

i

E/Hyg Eat & Personal _yglene

Limits of Experlmer_c

a Time

Limits of EVA

........... Ill
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_.2 SI_ACECRAFT DEFINITION

Flip,hi 215 configuration, shown in Figs 3-i and 3-2, carries experiments deal-

i_ _ith remote sensing of the earth's surface (0901 and 0902) and requires

_u_h _o!nting. In addition, this flight checks out an artificial "g" mechanism

_o be used on a later flight. Nominal spacecraft attitude is earth oriente_

_ h _he s_acecraft's longitudinal axis located in the orbit plane. Attitude is

_!d within a deadband of -+ 5o , except during experiment periods having specific

s_inting and stability requirements. Pointing and stability requirements are

_ccJm_odated by the CSM within the RCS propellant capacities of the Block II CSM.

The viewfinder (0902) installation provides hemispherical coverage for all ex-

periments. The microwave radiometer antenna (0902) is stowed on the A/S and is

iep_cyed for experimentation.

E_e C90! optical sensor installation utilizes theJ0901-1 optics, and is mounted

in [he descent stage on a 2-axls gimbal to accommodate the higher pointing ac-

curacy required of the experiment. During an EVA the O901-4multl-spectral

(_m_ is subs%ituted for the 0901-2A grating spectrometer sensor inskallation on

the 0901-1 optics, and film is changed. Similarly, the 24 in. and 6 in. F. L.

_._%]_ing camera's (0902), mounted on the D/S, require E.V.A. for film change.

_q_laional equipment mounted on the D/S includes:

• IR Imager (0901-2B)

• Microwave imager antenna (O901-5B)

• VI<F Pulse antenna (0902)

71_c _'tificial "g" test involves separating the CSM and LEM Lab, retaining

_y_!c_l connection via a cable mechanism and rotating the extended configura-

Tiu_u _bcut _ common spin axis. The artificial "g" cable mechanism is a 4 cable

sy_m, using brake-equipped motorized winches mounted to the descent stage. _e

mechanism allows for varying the distance between CSMand Lab. Setup of the

_cch_,nism requires an astronaut to attach the cables to special fittings on the

SM. Checkout of the mechanism and control concept will involve separating the

CM _nd [_b to the maximum distance required for the later artificial "g" flight
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(Fig. 3-3) and duplicate the RPM ("g" level) to be tested at that separation

distance.

The test sequence involves the following:

(i) Spin up the docked CSM and Lab to about 1 RPM

(2) Separate the vehicles

(3) Play out the cables to the desired distance

(4) Activate RCS systems in both the CSM and Lab to spin up to the

required RPM or "g" level

(5) Maintain gravity condition and stable environment for the test

duration desired

(6) De-spin to about 1 RPM

(7) Retract the cables

(8) Dock the CSM and Lab

(9) Stop the rotation.

During this test one astronaut is in the CM, two astronauts are in the Lab, and

attitude stabilization and control is available in both vehicles. For this ex-

periment the Lab carries the LEM flight control and RC8 system.

Structural modifications to the L_4 A/S are required to accomodate the view-

f_nder (0902). All other experiment equipment installations involve additions

to existing L_ A/S and D/S structure.

The inboard profile Fig. 3-2 shows that adequate internal volume is available to

accomodate experiments. All primary experiment displays and controlsare

located in the forward cabin, or are accessible from forward cabin crew positions.

Food is stored internally. A seven-day supply of LiOH canisters is also stored

internally, mounted on the aft bulkhead of the Lab, and are replaced from

external storage during programmed EVA's.

(OICO) behavioral, (0200) biomed, and (0501) radiation monitoring equipment

installations are common to all flights.

Supporting electronics for experiments are carried in the existing LEM elec-

tronics bay mounted to the back of the A/S.

In addition to the standard CSM/LEM Lab interface, this flight requires
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additional wiring for accommodating the earth pointing requirements of experi-

ments. Interface wiring involves star tracker and horizon scanner sensory in-

puts used to maintain attitude hold.

This flight utilizes an Apollo CSM fuel cell powered electrical generation

system, a LHM ECS to provide suit circuit operation in theLab during EVA and

artificial "g" operation, and selected components to provide data transmission,

s_tus and appropriate displays.

__e RCS requirements for this flight accrue from precise limit cycle require-

men_s for earth pointing experiments, and for the spin-despln operation

associated with the artificial "g" test.

The estimated laboratory weight is 9895 lbs (see tables 3-4 and 3-5).

Basic subsystem characteristics pertinent to this flight are described below:

Vehicle Orientation

Stabilization Reqm'nts

Avg Experiment Pwr (Delivered)

Number of Repressurizations

Equipment Cooling

Number of Fuel Cells

Oxygen Tanks

Hydrogen Tanks

PeakingBattery

Fuel Cell Cooling

RCS System

RCS Tankage

S & C System

Water for Thermal (MAX)

Water Generated

EarthPointlng

+ .2° 7 days; ± 5° 7 days

ll40 Watts

3

60 Ft 2 Radiator

3

2 Block II

2 Block II

None

20.6 Ft 2 Radiator

St'd LEMThrustors

St'd L_ Tanks

Sensors, Controllers, Rate Gyros,
ATCA & Panels

463 Lbs

502 Lbs

_v.1. .......



2->.19

Table 3-4 LEM L\B DETAILED WEIGHT STATE%_NT

FLIGHT 215

COMPONENT
Weight, lb.

Configuration I

Structure ......................

Basic Ascent ...................

Basic Descent ...................

Shielding .....................

Power Pack Structure ...............

Experiment Supports ................

RCS Supports ...................

Stabilization and Control ..............

Attitude Translation Control Ass'y ........

Rate Gyro Ass'y .................

Controllers ...................

Star Trackers and Electronics ...........

Horizon Scanner ................

(226o)
802
750
415

50
190

53

(163)

27
2

14
84
36

Crew Provisions ...................

Restraints ....................

Lighting .....................

Food .......................

Li0H-PLSS ....................

Reaction Control System ...............

Propellant ....................

Propellant System ................

Pressurization System ..............

Thruster Ass'y ...................

Controls and Displays ................

Environmental Control .................

Atmosphere Revitalization System ..........

02 Supply and C_bi_ Pressurization ........

Water Management .................

Heat Transport, Cold Plates, Coolant .......

LiOH-ECS .....................

Water ......................

Radiators ....................

Thermal Control ................ o.

(114)
35
lO

6o
9

(496)
185
134
55

122

(33o)

(579)
80

36
lO5
lO4
40

112

68

w



2 -< 20

_ ...._"": (Cont'd.)Table 3-4 LEM LiB DET_.IL_ h_IGHT _T_z,_1,e,_T

FLIGHT 215

COMPONENT
Weight, lb.

Configuratior ]

Instrumentation ..................... (217 )

Signal Conditioner .................. 45

PCM & Timing Elect Assy ................ 39

Data Storage .................... 25

l;]x_eriment Seiector ................. 6

D:,ta Tapes ..................... i00

Spare Voice Recorders ................ 2

Ei ectrical Power Su_ply ................. (2316)

Fuel Cell Ass'ys ................... 738

Reactants and ECS Oxygen ............... 539

Reactant Tankage ................... 358

Plumbing ....................... 40

Inverters ...................... 75

Wiring, Distirbution and []mbi]ical .......... 566

Communications ..................... (99)

;_eievision ...................... 24

A_,dio Center ..................... 6

Voice Recorder ................... 2

VqqF/UHF Antenna ................... 67

_,_i-__r[ment (3312)

......................... (9)

Total[ [_boratory ..................... 9895
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Table 3-5 INTEGRATEDSPACECRAFTWEIGHTSTATEMENT

FLIGHT215

Weight, lb.
COMPONENT Configuration ]

CommandModule Basic Weight ..............
Service Module Basic Weight ..............
CSMRetro-Propellant .................

L_boratory Weight ..................
Basic Laboratory Structure ............
Experiments ..............
Experiment Support Systems .............
Expendables ...................

CSMExperiment DependentWeights ............
RCSPropellent ...................

(10,360)

9,248)
1,18o)

(9,895)
2,260

3,312

3,386

937

614

T_tal Laboratory and Experiment ............

,_!lowable Lab. and Exper. Weight ...........

(_o,5o9)
!0,387

_tal Orbiting Weight

Service Module Propellant (Ascent) ...........

SLA Adapter ......................

31,297

1,345

3,505

l_nch Vehicle Payload ................. 36,147

q
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4. FLIGHT OPERAflONAL SUPPORT: _-_IGHT NO. 215

Experiment 0100 & 0200 - Medicine and Behavioral - Periodic daily data

transmission and ground mo_:itoring of safety parameter dat_.

Experiment O501 - Radiation Environment Monitoring - External particle

_lux measurements d_ing a solar flare event are to be correlated with

the solar activity observations made on earth stationed observatories

and other satellites.

Experiment 0902 - Synoptic Earth 5_pping - A network of ground trans-

ponders'is necessary to determine the relative position of the space-

craft to positions within the photographic field of view to i0 foot

accuracies. A SECOR or AROD system with a world-wide deployment of

transponders would satisfy this requirement.

Table 4-1 presents the experimental data management requirements of the

flight. A general discussion of this table and the data management system

is contained in Vol_nue I.
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TABLE4-1. FLIGHT215 DATAMANAGE_Ef_T

Avg. Daily Data Recording Requirements

Experiment

_O.

0100s

0200s

Data Rate
K-bits/sec

9 (AVa)

6.4 (AVG)

Recorling Time, min Remarks

(A) (B)

51._ K-_,Iseo 1.6 K-bl_o

90

lO3

0501

0301

O9Ol

0902

Totals

2.5 10'7

305

25

15

6o

3 Exper-Hr/Day

5.9 Exper-Hr/Day

45 Min/Day Monitoring

4 Hr x 1 Time

i0 See x 40 Targets

x 16 Times/Day

Avg. Daily Data Transmission Time, min:

• Reqd: A + B/32 = 307 min

• Available = 200 min

Data Excess (minutes of tape) per day:

Required minus available transmission time

Data Excess _er Mission (min)
Data Tape Return Required: 30 min/tape reel

Optimum Avg Daily Transmission Time Required = 53 mln.

Voice Tape Return Required (2 packages)

Film Return Required

Data Tape Carried

= 107 min

- 50 reels

4 ib, .05 cuft

225 Ib, 3.0 cu ft

I00 ibs

!00 ib5.0 cu ft



1. FLIGHT MISSION DESCRIPTION
i" |izht Nu. -

l Altitude, n. mi 2<>'i [ Inclination,deg % ) 1 Duration, days :'4 i Crt, w _

Mission Title:

Objectives:

SPACP SCIFNCE A_H] C]?EgAI'!ONn _/
¢

Trois fli£ht "-'ill stud, some _spects of t!.e space environment_ _n :u!Rig

radiation_ magnetic fiel,ds_ _nd the _eneration of co:net-like partL<']e

clouds. Remote sensing of the E_rth's atmosphere with variet, s semsor_

will be conducted. In ,_ddltion_ ex%_-_,:ehi<u]ar assembly op,_at_,-t_:_ wl]l

be performed. Near the end of the flight, the CSM wi]l :-opar_t_ :r.m

the L_ Lab module_ and will be pla,-ed in at', ellipticai -,ri it; + , ,,-. :, _,,

r,-ho II.
:;7;

Configuration: Plock II CSM) LEM A/S_ D/S

E xpe riment Summary:

No.
Equi|,,n,:nt

Title Loc;_ i,>n

01 O_."

OkO0

0 _ :) ]

0 5' '%

!;_<"3

:9 :''< :A

0_ 3

? n.,. _,:C

Eienedim] (excludi_j 0]01 ,_!:i Ol.C")

R,:_iation Environ_cn< Moni+÷rlnc

:Stud;; (f Mt:cnetic Fiell Lines

',]eneratic,n ,'rod Stud)' of' ?,,met-Like Particle Cl;uds

Op. of [{igh Zesol. 7nf:,:_refi Pu!iometer

Test of _:: Infrared Scanr.'nK 3,_-cZrcmetr_r

Test Calibration :,:;i Evalu',.tio< of Mi:rcwave

,."q _ Test of a ?re*or oe Star-Tr-,.ck_r

1 :-0"" "_:xtr_vehi,:ular :'_ssem_l?: _ p_.rations

1_;02 O:,,serw:,tfon of EcI:o -_:=

I.I<.,M Sipz, !

:it
X

'z

X

.<

!

5

.{

\
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2. EXPERIMENT DESCRIPTION SUMMARY

FLIGHT- 513

ZXF_I]4_T- 0100-0200 - Medical/Behavioral Experiments ,- The. Medical/Behavior_l

Experiments are intended to evaluate the effects of prelonged space flight on man

and to enhance his operational efficiency to permit more extensive manned space

flight missions. Twenty-four experimental measurement packages have been defined

to analyze critical human functions and to focus on those most likely to be affected

adversely by prolonged space flight. Procedures and instrumentaZion employed in

the experimental packages are a composite of updated, standard medical/behavioral

and imminent state-of-the-art zero-g adapted, techniques. These procedures should

provide : l) an assessment of the effects of prolonged weightlessness on the psycho-

physiological integrity of the astronaut, 2) a determination of the mechanisms

which mediate observed changes, 3) a prediction of the onset and extent of degraded

functioning, and 4) a validation of preventive or countermeasures which may be nec-

essary to support man's extended exploration of space.

NOTE

Experiments OlO1 and 0102 require linear and/or rotational ac-

celerations, such as would be obtained during a firing of the

SM engine or during the artificial gravity experiment, in order

to achieve all of the described experiment objectives. These

experiments have been excluded from missions which lack suffi' ....

cient SM propulsion and/or the artificial gravity experiment.

EXPERIMENT: 0501 - Radiation Environment Monitoring - The objectives of this ex-

periment are to record radiation received by the crew, and to furnish external radi-

ation environment data for other experiments. Techniques for the Apollo Mission, or

those employed in Tiros and OGO, will be used. Detection devices proposed for the

monitoring systems are : proton-alpha and electron spectrometers, tissue equivalent

ionization chambers, and film packs.

EXPERIMENT: 0502 - Study of Ma6netic Field Lines - The objective of this experiment

is to study the terrestrial magnetic field's line of force geometry, by measuring

paths followed by artificially injected electrons. A linear accelerator will in-

Ject precise charges along a field line. Electrons will be injected in a manner,

such that, when they hit the atmosphere an aurorae spot will be produced which can

be traced visibly and photographed via camera or radar. Several types of field line

motion are expected - such as diurnal and solar cycle motion, due to quiescent

solar-wind magnetosphere interaction and magnetic storm perturbation. Beam energy

changes may elicit information about large scale electric fields from E x B drift

measurements.

EXPERIMENT: 0503 - Generation and Analysis of an Artificial; Comet-like; Partic-

ulate Cloud. - The objective of this experiment is to determine the chemical compo-

sition and certain physical characteristics of comets, by producing an artificial
_m=+ _1_,,a _÷,_av_n_ _+_l_ _rnwt.b _a¢._ and formation, and observin_ optical prop-

erties. Spectroscopic cloud analysis will facilitate the study of radical's behav-

ior. Photographic_ photometric and visual observations of a comet-like cloud,

artlfically generated at a time and under conditions favorable to photography from

ground stations and spacecraft, will be made.

EXPEl: "0802A - Operation of High-Resolution Infrared Radiometer (HRIR) l)etec-

tor____s- The objective of the experiment is to monitor the thermal radiation of the

_ I Lmim i i t i i i a m
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Earth and its atmosphere in the near-infrared region between wavelengths of 3 and 5

microns for the purpose'_f producing cloud-cove_ pictures and. measuring: cloud-top

temperatures. The detected thermal radiation is expected to provide the scientific

community with an improved understanding of the heat balance of the Earth's atmos-

phere, a useful tool for upgrading• the weather forecaster's prediction, and for

evaluating the role of the trained astronaut-meteorologist. The radiometer, which

integrates the energy received from meteorological targets of particular interest,

does not form a televislon-type image. However, the timed and oriented thermal

radiation data obtained are readily composed into cloud-cover "pictures" for de-

tailed analysis.

EXPEl: 0802_B _ Test of an Infrared Scannin 6 Spectrometer - The objectives of

this experiment are to study man's capability to calibrate, test, adjust, and eval-

uate an infrared scanning spectrometer while it is gathering meaningful data in the

entire 0.2 to 40 micron band. Man's presence will enable him to determine those

portions of the band best suited to give the required accuracy in measuring the
Earth's radiation and its atmosphere. These optimized observations will provide a

quantity of data on absorption, scattering, and extinction coefficients of the atmos-

phere_ as well as distribution of species, to improve the existing mathematical

models of the Earth's atmosphere. The astronaut-meteorologist will selectively

program the infrared spectrometer for scans from a wavelength of 0.2 micron to 40

microns, making apparatus adjustments in the light of his own intelligence and ob-

servations, or from ground instructions.

EXPERIMENT: 0802C - Test a Calibration a and Evaluation of a Microwave Spectrometer -

The objectives of this experiment are to study man's capability to calibrate, test,

adjust and evaluate a microwave scanning spectrometer while it is operating in the

0.5 cm to 3 cm band. Investigations involving the detection of water vapor and

studies of the atmospheric temperature profile can be performed near the instru-

ment's lower design limit. The trained astronaut-meteorologlst will be able to

optimize the instrument's operation to monitor sudden changes caused by varying

meteorological phenomena in the Earth's lower atmosphere, or change in the upper

atmosphere due to solar storms. This experiment will be based on the trained

astronauts-meteorologist's ability to program the employment of a microwave

spectrometer in a very complex manner, to use and evaluate new, unproven instru-

mental concepts and techniques and to test s calibrate, adJust_ and evaluate the

instrument itself.

EXPERIMENT: 0802D - Test of a Prototype Star-Tracker - The objective of this

experiment is to demonstrate the ability of a prototype star-tracker to lock on

and track stars of the fourth magnitude, when viewed near the horizon_ beneath the

airglow l_er, From these data it will be possible to determine the feasibility

and to _iltheconcept of inferring atmospheric vertical pressure distribution.

The experlmentwill be performed by simultaneous initial acquisition of two stars,

of known angular separation, by two separate star-trackers, followed by occultation

of one of the stars by the Earth's atmosphere, and the Earth itself. Measurement

of the angular motion of the occulted star relative to the reference star will

reveal the degree to which the starlight was refracted by the atmosphere.

EXPERIMENT:_ 1507 - Space Operations Teghnic_ues/Subsystems - The objectives of this

experiment are to determine the feasibility of and demonstrate the techniques and

systems required for earth orbit assembly. The inital tasks will involve simple as-

sembly task board devices. Use of various structural fasteners and tools will be

demonstrated plus handling of structural elements in the space environment. These

will be followed by more complex tasks such as assembly and disassembly of experi-

mental tankage and structure.

.... -_ ..... &l,
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EXPERIMENT: 1602 - Observation of Echo Satellite - The objective of this experi-

ment is to determine, via visual observation and/or photographic methods, the

characteristics of the Echo I and/or II satellite structure. At the completion of

the flight mission_ the CSM will separate from the L_ Lab and transfer to an orbit

permitting close observation of the satellite during rendezvous.
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3. ENI_/SPACECRAI_2 INTEGRATION

3.1 MISSION DEFINITION

Flight 513 performs space science experiments related to radiation, magnetic lines

and the generation of comet-llke particulate clouds. In addition, daily operation-

al tests of sensors of the Earth's atmosphere are to be performed. On the last day

of the mlssion_ the CSM separates from the L_ Lab Module and is placed in an al-
p

liptical orbit to observe Echo II. Since all experiments, with the exceptlo_ of

experiment 0503, the Generation of Comet-Like Particulate Clouds, are to be per-

formed on a daily basis, the daily crew activity can be made nearly identical.

The crew schedule is summarized in Table 3-1, and detailed in Table 3-2.

tion, Table 3-3 presents the experiment equipment mission profile.

In addi-

Experiment 0503 requires up to four experiment periods, therefore days l, 5, 9

and 13 have been arranged to include this experiment. On the remaining days, medi-

cal and behavioral experiments are performed during this period.

On the fourteenth day the last three hours of experiment time have been allocated

to experiment 1602, observation of Echo II. The Lab is Jettisoned and the CSM is

placed in an orbit to rendezvous with Echo II, permitting close up visual and photo-

graphic observation.
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T#ble __-2 CREW SCHEDULING, FLIGHT 513 , SHEET_.._OF_

DAY _ eRE'riMER ACTIVITIES
i

[_ _ i 2

20
40 0100 0100 Rest

O10070 I

uq Rest 0200
OiCO 0802

20

;_0 ! Rest
0300 0502

2o E '
L, 0501 /Ryg E/Hyg

o,,o_,T s502 Rest Rest

_ j_ E_yg
050©

2o -I- 08o2
"c) I 0503

o606 -_

_ __ o_o
0700 |

20 ..J_ Sleep
40 0100 0100

0800

_,o T ,'
.'_0 l Rest Rest

0900 -"-- , ,_

%0 E/Hyg E/Ry E

IO00 T " "
20 I Rest

40 E_1oo _YE 0502 ;
20 T-- _--a--:

 2;o,__08% owE-
20 -- Sleep 0200

40 -i-
_30o [ 0100 0100 :

40 0200 1
400 -- 0802 :

20 T A&B:
aO -L Rest --]

,_.o TIE/._g E/._g !
._bO0 i i
_'o I
ao l 0802B :

]7oo -r !
:0 11020o --
4e _L l 0200 ',

180o -- '
20 ! . 0502 Sleep::

_O -I--i _ :

1900 i 0802B 0502
:_o I -- :

aO -- . ,¢000 .-_ Rest .

cO J [Rest

40 .._1_I _ :
2100 |E/Hyg E/Hy_

20 __f---- -- E/_yg;
_O q]- .... ,,

20 ',
4o 71507 1507

_3oo --rH ,'
20 II
_o n_r--- - .<:c-t--.,',

2,,001 _._

DAY _ c_w_. A_lVm_ i
1 2 i

OOO0

2O
40 0100 0100 Re_t

0100 [_
2O

_0 Rest 0200

0_00 __ O8O2

_AIOZ 0r-.,02 "
an -- _est

03_ _

' 0501 E/HFg E/HFg_0

'--j-- Q_02 Rest _est
0/_00

2o -_- ____ZL i40

0500 , ,,
20 0802 0200ooT !

o600 _- . i
2O ,'

t40. ,,

0700T oleo o_oo !
2040_i. Sleep i

o800 .. !

20 _1-10 Rest Rest !

0900 ....

2O!_o__ !E/_yg _/Ry_ I
i000

;Rest i2O

iiOO E 0=02 _

20i -- _w

12oo F_-A & B : _.q.%.q&_._
20 --Sleep :0200 if

2_ i--_ •
13 7--0100 0100 _

_o _ o_oo '_
1.o_ _._-- 0802 i,'

1500 Rest g/}{yg _

40 ! __
1 oo j

"0 0802B i _
_7oo , _
20 -I-c,_oo ------I _,
_o ___ 0200 ] ,,

1800! _ Sleep _
20 _ _o_ I _ ,'

1900 0802B

2o ----I 'i40 --

2000 --.- :Rest , _
20 lRest _

_o _L_ ! ,,
2100 E/Hyg E/Hyg _-------_

2o7----
2200__ I i ,,,

15o p5o7
7 J '--i'

NOTES I = Day i, 5, 9, 13

II - Day 2, 3, 4, 6, 7, 8, IO, ii, 12

III- Day I_

DAY _ CREWMEN ACTIVITIES DAY

0000 0000

20 20
_0 0100 0100 Rest _0

0100 I 0100
20 Res_ 20
_0 0200 40

0200 _ 9802 0200

20 TE_Yg ! 20
03_0 Rest "0

)o,oo.o
o2rv_° E/Hyg b 0

04 -[-0502 E/l_yg " _ 0400

E/Hyg , 20
4O

-- 0802 0200 _ _jo_

0500 o5

_o _

o600 o600

20 20
_o ,','

0700F]- oleo _oo _ o7oo4°
20 ___Sleep ' !_ 20

2040 E/Hyg E/Hyg i _'00_

lO_- " !Rest _!
[ I L',_ 20

1_oo_. ...... _ _1
20 I1 o8_ _'_

_2_-_ _ 4o1200

[-- Bleep 0200 ',_ 20

40 _- _-------:

_o [ 0200 i :_
_oo I-..-.-- 0802 i_ 1,

20 , I ,A _ B :_

1500 Rest g/Hyg _E/Hyg 15

4020_ Rendezvous ! " :_
40

1600 [ I ObServe ; :_ 1600

20 _-- ECHO _stellt_!e :_ "20

1700 __ , ,

_ _ i !: i,', _o_8 ' ii2800

FT-" : ,,_ 20
19 l :,, 1_%

2O00

. 20

2100 21_

_0 _0
2200 : _ 2200

20
_0 :_0

230O

2o ] I _ :,, 20

240(

_i Earth Dark

Earth Lighted

ere .

C_%'MEN ACTIVITIES

l 2 3

E/HFg Eat _ P,_rsonal Hygien_

Limits of. Experiment q.Limits of EVA
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3.2- SPACECRAFT DEFINITION :

Flight 513 Configuration, shown in Figures 3-1 and 3-2, carries experiments dealing

with extra vehicular activities (1507), remote earth atmosphere sensing (0802A, B,

C, D) and others dealing with monitoring of space environment (0501, 2, 3). Experi-

ment equipmefit for obBerving the Echo Satellite (1603) is located in the CSM.

Nominal spacecraft _attitude is earth oriented with the spacecraft'S longitudinal

axis located in the orbit plane. Altitude is held within a deadband of '_5° except

during experiment periods having specific pointing and stability requirements.

These requirements are accommodated by the CSM within the RCS propellant capacities

of the Block II CS_.

The vlewflnder installation provides hemispheric coverage for earth atmosphere

:experiments (0802A, B, C, D) and other visual observations. The 0501 spectro-

meters (proton-alpha, high and low energy electron) are all mounted on the descent

stage, the 0502 linear electron accelerator gun is mounted on the side of the •

descent stage and oriented parallel to the flight path_ The 0503 cloud generator

(4 canisters and release moth)are mounted on one side of the desaent stage an

oriented normal to the flight path. The spectrographic camera, image orthlcon T.V.

and conventional camera are axially coupled to the cloud generator.

The I.R. radiometer (0802A), I.R. spectrometers (0802B), and associated optics, are

located in the descent stage to allow adequate earth scanning. Three earth orien-

ted microwave antennas (0802C) are located on the fwd side of the descent stage.

Associated spectrometers are locate_ aft of the ascent stage :in the L_4 equlpment

bay. The 08021) star tracker is located in the ascent stage to afford compatible

viewing for the experiment.

Two AMU/ECS (1507) packs, spare batteries, and fuel supply are located in the

descent stage. A hinged platform containing tools, etc._ provides a working area

for the astronaut to perform his tasks. T.V. and motion picture cameras are also

located in this area to record all EVA activity.



No. Experiment

8

9
i0

ll

12

13

14

15
16

17

18

19
20

21

22

23
24

25
26

27
28

29

3O

31

32

JJ

34

35

36

1507

15o7
O802D

15o7
o8o2c

0502

O5O2

0501

0501

05Of

0502

O5Ol

O5Ol

o5o1

o5o3

0802B

o8o2c
0802A

o503
1507

0802D

15o7

15o7

o5o3

0503

0802A

o5o3
1602

[

:_Y

Name •

P.:_wer Pack:

F_A Radiator

_...'._/ECS (2)

_J Fuel Supply Sys

S'_ar Tracker - 2 Theodolites &

Stable Platform

AMU Batteries

45-in., 24-in., & 12-in. dia

Antennas

Electron Gun & Gimbal Mount

M _gnetometer -Directional

! _w Energy Electron Spectrometer

k[gh Energy Electron Spectrometer

} :oton-Alpha Spectrometer

C;_pacitor Bank HVPS

_IC

i:_lm Packs & Pen Dosimeters

7IIC (Rate Meters) (2)

Cloud Generator (4 Cannisters &

Release Mech. )

I_ Spectrometers & Scanner (Near-

IR, UV-Visual, & Far IR Spects.)

Microwave Spectrometers Receivers (5)

I_ Radiation Detector & Scanner
FAotometer

Ai Eva Package - Tool Kit, Task

Boards, Structure, Restraint

Equip. & Eva Platform

P. Eva Tankage

V Jew Finder

L[oH (3 Containers)

T _ievision Camera

_,,,)tion Picture Camera

'S?ectrographic Camera
C _mera

L i_cumentary Camera

Image 0rthicon

7;mm Camera, Sighting Telescope &

Bezel Mount in CSM for Echo

Satellite Observation

G_X Tank

E _uipment Rad.

Potable Water Tank

W_ste Storage Tank

z_A UN(:
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Structural modifications ,t,o:the LEMA/_are require_ to, accommodate _e vlew,_

finder. All other experiment equipment installations involve a_itoms to existing

I_ A/S and D/S structure. " :....:

The inboard profile (Figure 3-2) shows that adequate internal volume is available

to ,aceom_te, experiments. : All" experiment displays and controls are located in

t_ forward'lab cabin or are accessible from forward cabin crew positions. F@o_ is

stored internally. LiOH canisters are internally mounted on the aft bulkhead of

the Lab and are replace& from external storage during programmed E_A's.

0100 behaviorlal, 0200 biomed and 0501 radiation monitoring equipment are similar

installations o_ all flights,

Supporting electronics for experiments are carried in the existing L_ aft elec-

tronics baY mounted off the A/S.

In addition to the standard CSM/LEM-Lab interface, this fiight_requires additional

wiring for accommodating the earth pointing requirements of experiments. Interface

wiring involves star tracker and horizon scanner sensory inputs used to maintain

attitude hold.

This flight utilizes an Apollo CSMfuel cell electrical generation system, a LEM

ECS to provide suit circuit operation in the lab during EVA and selected components

to provide data transmission, status and appropriate displays.

SMMain propellant requirements, to establish renedezvous with Echo II, have been

estimated at _65 lbs.

_ne estimated laboratory weight is 8075 ibs. (See Table 3-_ and B-5. )



I_ ip,L _, -- i _ I

...... -- |ii II.._jL

2-6.16

Basic subeyetem characteriatics pertinent to this flight are described below:

Vehicle Orientation

Stabilization Reqm'nts

Avg Experiment l_r (Delivered)

Number of Repressurizations

Equipment Cooling

Earth Oriented

7

753 watts

13

48 ft 2 Radiators

Number of Fuel Cells

Oxygen Tanks

Hydrogen Tanks

Peaking Battery

Fuel Cell Cooling

_RCS System

RCS Tankage

S & C System

Waste Reactants

Water for Thermal Cont (max)

Water generated

2

2 Block II

2 Block II

20 AMP hr

i0 ft 2 RadiatOr

None

None

Sensors_amd D_ta Processor

0

24 ibs

36o Ibs
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Table 3-4 LEM LAB DETAILED WEIGHT STA_'

FLIGHT 513

Weight, lb.

Configuration

1

Structure . ,., ...................
BasicAscent

Basic Descent . . . . ...............

Rack ... .... .................
Shielding' . ..

Power Pack Structure ' . " '
Experiment Supports ................

Stabilization and Control ................

Star Trackers and Electronics •
Horizon Scanner _

(_aoT)
8o2
75o

415
5o
190

•(Izo)'
"84

" 36

Crew Provisions _ , ..................
Restraints .......................

Lighting ......................
Food ........................

Li0H PLSS" eeeeoaeee,e,,°,eeee,e

(i_)
35'
i0

Go
41

Controls and Displays .................

Environmental Control ..................

AtmosphereRevitalization System ..........

02 Supply and Cabin Pressurization ........
Water Management ............... . . .

Heat Transport, Cold Plates, Coolant ........
LiOH-ECS .......................

Water . .....................

Radiator s .....................

Thermal Control ..................

(238)

,(5_)
80
.34
36

lO5
lO4

126
3

--"TI-S;'T" '_1
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Tabll 3-_ LEM LAB DETAILED WEIGHT STA_ (C0nt'd.)

FLI@HT 513

Weight _,Ib
ConfigUration

Instrumentation . ............... . . .

;Signal Conditioner ..... ....... ....

IP_4 & Timing Elect Assy ......... . ....

Data Storage ...................

Experiment Selector ...... ..... . . . .
Data Tapes . . ...................

Spare Voice Recorders ..............

Electrical Power Supply ............. ..

Fuel Cell Ass'ys .... ..... ........
Reactants and ECS Oxygen . ............

Reactant Tankage ........... . . ....

Batteries and Charger. ..............

Plumbing ..................
Inverters ....................

Wiring, Distribution and Umbilical ....

Communications . . . . . , . . . ...........

Television ....................

Audio Center : : , .............. . .
Voice Recorder ..................

(3_7)
45
39-
25
:6

230
2-

(2o67)
49z

351' 7.

38
4o
?5
591

(3z)'
24
6
2

Experiment

Spares

(_8l)

(9)

Total Laboratory .................. 8o75

C,'-- ..... I.ST..._L
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Table 3-5 INTEGRATED SPACECRAFT WEIGHT STATEMENT

FLIGHT 513

• C0MPONENT
Weight, lb.

Configurat±on

Command Module Basic Weight ............ ... (10,360)

Service Module ...................... (9,248)

CSM Retro-Propellant •. .............. . . . (3_000)

Laboratory Weight • .... (8,075)

Basic Laboratory Structure .............. 2,207

Experiments • • • .................. 2,381

Experiment Support Systems . . . . .. ....... • 2_762

Expendables ............... . • • • . 725

CSM Experiment Dependent Weights

RCS Propellant . . . .................

Main Propellant ...................

.... !•

ee4
4,265

Total Laboratory and Experiment ............ (12,564)

Allowable Lab. and Exper. Weight ............ 83,889

Total Orbiting Weight ................... 35,172

Service Module Propellant (Ascent) .......... , 0 : •

SLA Adapter ...................... 3,505

Launch Vehicle Payload ...... • ..... • .•_• .•• • 38,677
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_. FLIGHT OPERATIONAL SUPPORT: FLIGHT NO. 513

Experiment 0100 & 0200 - Medicine and Behavioral - Periodic daily, data
,, , , ,

transmission and ground monitoring of safety parameter data.

Experiment 0501 - Radiation Environment Monitoring -External particle

flux measurements during a solar flare event are to be correlated with

the solar activity observations made on earth stationed observatorie_

and other satellites.

Experiment0502- Study of Magmetic Field Lines - Observation and

tracking of artificial aurorae with ground-based equipment, from air-

craft, and from orbital stations. Also mcmitoring of solar activlty by

astronomical and radio observations.

Experiment 0503- Gemsration and Analysis of Comet-Like Particulate

Clouds - Coordinated ground based optical coverage. These are restrict-

ed to periods of twilight.

Experiment O802B - Test of an Infrared Scanning Spectrometer - Consult-

ation with instrumentation man on ground to maintain adjustment and

calibration of instrument.

Experiment 08_2D - Test of a Prototype Star-Tracker - Spacecraft attitude

and trajectory must be accurately calculated.

Experiment l602- Observation of Echo Satellite-Transmission to _paCe'

craft the estimated location of Echo in relation to the mammed space-

craft, and the ground radar station should •transmit'time of radar meas-

urements so that photographs may be taken before and after fly.by.

_-A p_se_ts th_ _=_ _._ _ _ ...... _ ............

flight. A general discussion of this table and the data management system

is contained in/Volume i.

.°
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TABLE 4-1. FLIGHT 513 IIATA MANAGEMENT

Avg. Daily Data Recording Requirements

Experiment

No.

OIOQ s

0200 s

0501

0502

o503

o802

A,B
C,D

1507

Recording Time, rain

16o2

Data Rate

K-bits/sec

9 (AVG)

6.4 (AVG)

o.8

0.3

0.2

5

1.6

(A)

51.2 K-b/sec

120

1o3

120

(B)
1.6 K-b/sec

45

6o

29

6o

Negligible Recording Requirements

Totals 343 194

Remarks

4 Exper-Hr/Day

5.9 Exper-Hr/Day

45 Min/Day Monitoring

I0 Minx 84 Times

100 Minx 4 Times

20 Minx 6 Times/Day

60 Minx 14 Times

Avg. Daily Data Transmission Time, min

• Reqd: A + B/3_ = 350 mln

• Available = 104 min

Data Excess (Minutes of Tape) per Day:-

Required Minus Available Transmission Time

Data Tape Return Required:

I

Data Excess _gr Mission _mln)

30 min/Tape Reel

Optimum Avg Da/ly TransmisSion Time Required

Voice Tape Return Required (2 packages)

Film Return Required

Data T_pe Carried

e

246 min

12so ib
= 115 Reels 1.11.5 cuft

72 min

4 ib,

83 ib,

23o ibs-

.05 cuft

2 cuft

m m
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1. FLIGHT MISSION DESCRIPTION Flight No. 218

] I Inclination,deg28.5 ! [DuraUon, daps _5 I ! Crew3

Mission Title:

Objectives_

BIOSCIENCE/PHYSICAL SCIENCE LABORATORY

.This is the first h5 day fligh£, and is therefore a primary Biomedical/

Behavioral Flight. Man and other living organisms wlll be studied in

zero "g". Physical phenomena will also be Studied at zero "g'. The next

flight Will rendezvous with this flight fo_ continuation of portions of
both biological and physical experiments.

Configuration: C (Extended CSM, LEM A/S, D/S), or

D (Modified Block II (_,S, _ A/S, D/S)

Experiment Summary:

No. Title

0100

0200

O5Ol
O6Ol
0602A

O603A
060_
O604

0605
O6O6

1407

15o0

Biomedical (excluding i01 and 102)
Behavi oral

Radiation Environment Monltorlng
Capillarity Studles

Kinetics and Dynamic of Vapor/Gas
Liquid Drop Dyrmmlc Studies

Pool Boiling in Long-Term Zero "g"

Nucleate Condensation of Fluids in Zero "g"

Density Gradient of a Fluid

Crystallization Studies

Cosmic Ray Emission (Performed during rendezvous flt. )

On-board Guid. and Nay. (Performed during rendezvous flt.

Extravehicular Operations (Performed during rendezvous
,flt. )

Equipment
i:ocation

LEM Stage
_ CM

Asc Desc

X

X

X

X

x

X

X

X

• X

X

X .

X

X
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2. EXPERIMENT DESCRIPTION S_ _.

F_G_ - _8

EXPERIMENT: 0100-0200 - Medical/Behavioral Experiments - The Medical/Behavioral

Experiments are intended to evaluate the effects of prolonged space flight on man

and to enhance his operational efficiency to permit more extensive manned space

flight missions. Twenty-four experimental measurement packages have been defined

to analyze critical human functions and to focus on those most likely to be affect-

ed adversely by prolonged space flight. Procedures and instrumentation employed in

the experimental packages are a composite of updated, standard medical/behavioral

and imminent state-of-the-art zero-g adapted, techniques. These procedures should

provide l) an assessment of the effects of prolonged weightlessness on the psycho-

physiological integrity of the astronaut, 2) a determination of the mechanisms

which mediate observed changes, 3) a prediction of the onset and extent of degraded

functioning, and 4) a validation of preventive or countermeasures which may be

necessary to support man's extended exploration of space. Experiments OlO1 and

0102 will be performed during the rendezvous mission of flight 219.

EXPERIMENT: O_O1 - Radiation Environment Monitoring - The objectives of this

experiment are to record radiation received by the crew, and to furnish external

radiation environment data for other experiments. Techniques for the Apollo

Mission, or those employed in Tiros and OGO, will be used. • Detection devices

proposed for the monitoring systems are : proto-alpha and electron spectrometers,

tissue equivalent ionization chambers, and film packs.

EXPERIMERT: 0601- Capillarity Studies - The objective of this experiment is to

provide knowledge of interactions of matter, at simultaneous solid/liquid vapor

interfaces, through systematic study of capillary flow statics and dynamics at

zero-g, and to develop a compatible theory. Static measurements of wetting angles

will be made of height and diameter of spherical zones of various liquids on

various test surfaces. Dynamic measurements of capillary height will be made by

timing flow in tubes of different diameters and materials. A radio isotope track-

ins device will be used to determine interface distance-time relationships for

transparent and non-transparent tubes. Motion pictures will be taken of the trans-

parent tubes. Liquids will be stored in evacuated bladders. Capillary flow will be

initiated by equalizing pressure difference between tube interior and bladder
exterior.

EXPERIMENT: 0602_ - Kinetic.s and Dynamics of Vapor/Gas Bubbles In Free-Fall Li_ui.ds
(Far From Walls) - The objective of this experiment is to augment understanding of

the mechanisms controlling free (non-surface) nucleated boiling, and the kinetics of

bubble growth and collapse, under transient conditions, free from convection in the

liquid or liquid migration. And, to study dynamics modes of vapor-liquid interface

oscillations in suspended bubbles, and the dynamic modes associated with the coa-

lescence or fractlonization of two or more bubbles. Cinematography will be used to

study the motion of liquid/vapor-gas interfaces in free bubbles within a liquid. A

temperature and pressure controlled chamber will be used. Liquid, temperature,
pressure and excitation modes will be varied.

........ H.----L | •



_. 160_B - _ic[u'Id Drop Dynamics Btudies -The objective of %hls .e_erl-

sent is to'determine the fluid dynamical behavlor (instabilltyc0ndltlons, and

oscillatory, frs_men%_tion_ _fissloni_ modes , retc. ) of freely suspended' liquid

dro_s subject to different disturbances and to perturbations arising from the coa-

l lescence of varfous size :drops. And, to study kinetfcs of miscibility and drop

d_a_iCs resulti_ fromcoalescence of different liquid drops. Drops of various size

and llqu±dsj with attest differences in surface tension v_scoslty and density,

will be freely suspended in a well-stabillzed spacecraft. Induced perturbations

will be obsaz_ed by a stereoscopic camera. Small controlled gas Jets will

facilitate perturbation and maniPUlation of the droPS. " . •

EXFE_: I060_A - Pool Boi!in _ Im Lone-Term Zero-G Emvlronment -The objective

of this experlmemt is to acquire knowledge of bubble growth rates, interaction of

growing bubbles, hydrodynamic stability of bubble columns and nucleation criteria.

Boiling from a heated surface would be observed optically. Direct images and

shadowgraph would be used to examine bubbles and thermal layer.

EXP_/ME_T: O603B - Nucleate Condensation of Fluids In Zero Gravlt[ - The objective

of this experiment is to study initiation of a pure substance in zero-g. A light-

scattering technique will be used to observe the onset of nucleate condensation

in a sealed vessel, with chemically clean interior, containing a pure fluid.

Droplet growth will be observed photographically.

..._IMENT: 0604 - Density Gradient of a Fluid At a Near-Critlcal State - The

objective of this experiment is to study pressure, volume, and temperature be-

havior of near-crltlcal fluid under zero-g. A bomb cell with light source, lens,

prism, thermostat and two vlew-wlndows, will be used to determine density gradients

via diffraction ofllght. The constant-volume cell will be heated slowly until

entering the critical region, and then maintained at constant temperatures. Light

scattering technique can also be used to measure the magnitude of fluctuation.

EXPEB/ME_: 0605- Crystallization Studies - The objectives of this experiment

are : to provide information on relationships between the character of crystalline

materials and their mode of formation, and to use unique facilities for crystal

fabrication in a manned zero-g laboratory; and_ to prepare samples of a character

which cannot be produced terrestrially for solid state investigations or for use in

other space experiments. Samples of various pure materials and compounds will be

manipulated within a melting/solidification diemeter filled to an appropriate pres-

sure with an inert gas (e.g., argon) and heated by illumination through a window

from a _olar concentrator. Molten samples will be allowed to "float" by propelling

the laboratory so as to prevent wall contact while they cool due to radiation and

gas conduction Below their crystallization temperature. Supercooled liquids will

crystallize and the solid samples will be removed from the chamber for metallo-

graphic examination on Earth. Other cr[stals of low surface temperature, lower
melting point materials (e.g., organics) will be purified and crystallized in a

separate floating zone furnace, with proper thermal controls. Samples recovered
would be studied later on Earth.

EXPERIMENT: O606- Cosmic Ray Emulsion - The objective of this experiment is to

obtain a charge spectrum of the primary cosmic radiation) and - indirectly - a

measure of the intensity and angular distribution at several times in the solar

cycle. Some data may also be obtained on the gamma ray flux, spectrum and source.

m
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Paths of _d_mic rays will leave lines of d_rkened gains in a three-dimensional

photogra_'i_e emulsion mad_ up of a large number of thin sheets of sensitized

gelatin. _Whe_ a particle decays into two or more sub-particles, the rays of each

subparti_le can be seen, and measurements of the resulting angles define the

m_ntums of each. Film packs will be mounted to the exterior of the vehicle during
the flight. The astronaut will i_itiate an automatic pre-development of the film.

Final Development and examination for ray tracks will be made on Earth.

_E_IMENT: i_07 - Performance Assessment of ON-Board Guidance and Navigation

Systemsla_nd Components The objective of this experiment is to assess the
performance of on-board guidance and navigation systems and components. Evaluation

is accomplished by comparison of on-board orbit determination techniques with
ground based determination.
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3. EXPERIMENT/SPACECRAF2 _ION
<

3.1 MISSION DEFINITI_

Flight 218 is the first 45 day mission and is therefore treated as a primary

biomedical and behavioral experiment flight. The basic experiments involve

bi_edical and behavioral phenomena associated with prolonged weightlessness.

addition, six experiments are conducted on solid/liquld/gas behavior in zero

gravity.

In

All the experiments have been scheduled to meet their designated frequencies9 where

possible. The total time devoted to experimentation is 1096 man-hours out of a

possible 1335 man-hours. The biomedical/behavloral series developed by Grumman by

combination and elemlnatlon of experiments was used as the obJectlve. A complete

description is provided in Volume l, Section 1.

The crew schedule is shown in Table 3-2, and summarized in Table 3-1. In addition,

Table 3-3 presents the experiment equipment mission profile.

This. flight will then rendezvous with flight 219 to extend the mission duration to

90 days.

-- _";_"1.........'qi • ainu
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Table 3-2 CREW SCHEDULING, FMGHT 218, SREET._.L_OF_I2_
2 -';.I£

CREWMEN ACTIVITIES

W_ • __,
1 2 3 o 1 2 3 ! o 1

oooo ,_ oooo

._ 2020 Rest _ 40

Rest 0104 0104 _ 40 _ 0104 010;4 _ 0100(s) (o) OlOO (o) (s)

E/Hy_ ._ 2O_oT E/_yg " .o_°T

DAY i-i CREWMEN ACTIVITIES ! DAY _ CREWI_ ACTIVITIES

0104 0104

( B ) E/1_yg ( o )

O104 0104 E/Hyg

(o) (s)

OlO6 OlO6

(o) (s)

2_i_ 27_

Rest f h

Z/Ryg

2 3

DAY B CREWMEN ACTIVITIES

L] o_ 1 2 3

0OO0

20 Rest

40 0104 0104

OlOO {s) (o)

4o
g/Hyg _ 0200 0200 0200

0104 -- 3104 _ 20 20 0103 0113 20 --- 0104 0104

(o) {a} i .oS _o-v (o) (s) 40-r (s) (_)0300 0300 --b. Sleep 0300 I E/Hv_

20 20 20

0104 010_ g/Hyg 40 _ _0 40 0104 _010_

(.} (o} o,_ T .o,ooT o.oo (o) Rest {s}20 20 T1 40 40 "0

OlO6 o106 0500 0500 0500 E/Hyg
(s) 'o) 20 20 20

_: aO _ 40 -7- E/Hyg 40 T 01o6 o106

OlO5 31o5 06oo _L- 0600 / 0600 / (n) C_

{o) (s) 20 20 20 ozo9 OlO_
4o 4o 40 (o} {s_

0700 0700 ---- 0700 203b

T o118 20 20 T;leep Rest

-J--Sleep (s) 40 40 --L- Sleep
(s)O_18 _ 0800 -- 0118 0800 0800

s __ 20 (o) 20 0113 0113 20

0118(o) _ _ _-- 40 E (s) (o) . 40 i
_=_ 0900 Sleep 0900

• 20 20 20 E_iyg

40 E/Hyg 40 40

11020 i000 IO_ 202e--_ 2ot I 2o21
_/Hyg E/Hyg 40 E E/Hyg Sleep 40 40

}106 DI06 IIOO O106 0106 iiOO iiOO ,0106 iSleep 0106

Co) Sleep (s} 20 _ _ _o z/.yg 2o (,}
_0 2Oic 2010 40 _ 40

' T /o_ (._ 12ooT _e_
)1o_ 0 _ 12oo 12oo I12O3b,_ _o o_ 20 2o2e
{s) _o_ 1 _o _t0__ _o r0-n--

1300 0118 1300

__, 2040T {_) 2O_oI
1400 1_00

20 20

E/_yg i 20
_0

j 13oo2o T
40 --

1400

20 E/Hy_
106 0106 40 0106 0106 _0 0113 '0113 aO _ Sleep

{o) _,) _5ooT _o) {s; 1_%-F (o) {s) 15ooZ Rest
2O2 201c 201o 203a

(s) {o) 3 0 30 --

)10_ )lO_ 160 _._] 011_ Slee] lO00 _ lO00

(o} {s} 81e_ ,2, _ - ,2.0_L P _k --- Rest
--7 a/nyi 0111_ _Iu Sleep 4u ZUJa

._.t_ 170 _ ()o 1700 1700 Res_ 2030

r',il8 2 _ 20 20 _02a & _02a &

/_ T_ /$0 T E/_yg 40 --F (0) (S}

_2_Hyg )ii8 i8o _LJ _ i8oo l i_oo _]_ oio9 oio9
/ (o) 2 / 201a 20 E/HFg 20 (s) (c)

4 IRes t _ 40 40 _0_ 202a, b

/ i9o ___ g & _ _ i9oo 19oo °{s} to}
_Rest 2 I _ -- zu3h 201 I I 20 _ E/_yg 202a, b]202a,b

r° o" --- 2S 2o4o {o)i {s}
L -- __ _oo I I I-- -- O0 Rest 203a
F_ Oil8 2 _ 20 1 I Rest 20 OiO_ oio_ i-_.
/ {_) 4 -1-_201a 40 _-_ E/Hyg 40 "-r (o} (S) ;_Inyg

bli8 _ 2i9 _[_ Rest Rest 210o _I_ Rest __ 2_ _I_ Z/Syg ,__

I (o) _ [..tL_J _u I I _u __ • 2o3c
/ _est __ " l-_T _o I I 40 --
/ 220 _ 2200 L_ 2200 -- Rest

L 2 -n 2o111 Rest 20 --L- ReSt
-- a -_ 40 I'_ 40 0106

I 230 lRest __ 23991 I -- 2300 Io) (S) Rest

_est _est 2 I _? I I . 20 _es_
[.... _, _ .-H z,my o _ z/_y_ _o --_ 2030
-- • I I Oh,"_ t I I OhOgl I

I """ _ __LL: 1 1 I ,_IN [£k I i i

Subject _._lOcculted g/Hyg Eat & Personal H_giene

Radiatlon monitoring Exper. 0501 will be conPdcted II_lXnSunlight _Limits of Experiment Time
once a day for iO mln during unasslgned perlcds.

Day No. 40: 'Day of Rest II]]0ec_t_d_____J2_t. of_A
?--"T etc.

- - :4"--
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Table 3-2 CREW 8CHEDUL_IG, FLIGHT 218, SHEET__O¥ 12 2-7. t_

DAY 't CREWMEN ACTIVITIES

o i 2 3

0000
20
no OLO/4 OlO4

oloo (s) (o)
20 ]-
/40

0200 E/Hyg
2O 01o4

40 -- (s)
0300 T

2o E/Hyg
_O 0104

o_1oo (o)

_o 7"
110

0900 Rest
2O

40 0106

Rest
4o 2oia

0700

080O E/Hyg
?O

_'O
09(Z3 I

_0
%O

1000

_o T
40

llO0

2O

.o -]-11200

;0
"_0

OOO0

20
IE/Hyg 40 OiOa

___= oI_ (s)
iRest ,o -'[-t

0200 E/Hyg
O104 20

co, 1
2O

3104 _O OI04

(s) 04_ (°)
_o T

20

olo6 I o6_
203h _ 20

40

0700
Rest _i08_,

-- _ 20 sleep

20

l 40

DAY _ OP,..t_MEN ACTI'VITTF.8 1 DAY _ CREWMEN ACTIVITIES ! DAY _ CREWMEN ACTIVITIEC

" _ 2 3 ",' s[_] o_ , 2 ?,i
0000 _ .

20

_o]na(S olq4(?O104 --

Io)

E/Hyz

--_ 1020_ E/_yg 10_0 --

40 I E/HyK _ ,o I E/Hyg
ii00 --0106 0106 ii00 --

0 i (S) Sleep _o) 20

(O) iSleep 40

_est Rest 20 202c
40 Rest • I_0

13oo

3 171o i

I • O000
Rest 20

0100 0104(S 01024(0_ O1OO
20 T E/q_yg 20 T E/Hyg
_0 40

0200 EPHyg Oz'0O E/][y_
0104 0104 20 0104(0 __ 0104(8_ 20 OlOa(S 0104{0
(s) (o) ao ao _0300T aest 0300 "[- _

20 E2Hyg 20 Rest
OlO4 b,O _0

Rest (s) 0400 r_T_OIO4(S 010_(0 _ 0000 0104(0- O_O_(S
20 _i Rest 20 T g/Hyg

- _O .... 40

E/Hyg E/HyK 0500 LIOH KV£(O)' 0500 Ol06(S 010,3(c
20 .... 20

0106(o_ 0106(s) 06 _'_O,,.,uZ 0106(0 I0106(S: 060040 Z: E/Ryg 0106(00lOo(g
201b 20 t 20

Rest _0 0109(S !0109(0; _0
& f O700 0700

20 T o_o3_I_est 20 I o_os(sOlO_<C
-- _0 E2Hyg !0202e 40

203e 0800 Sleep ___ 0800 __ E/Hyg
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..... _ 2300 2300 ...... U iu'> Lu_ 0iU_I_
Rest LIOH 20 20 Rest D606 0606[0)i 230020 _ '

...... 40 -- 02)3c _0 40
R_st 2.00 I 2.00 I O_Ola_s_- _ 2_ooT E_y_

. NOTES

......._ I:::T..._....



DAY

_J
0000

20

40

0100
20
4O

O2OO
20
4O

o30o
2O

4o

0400

20

40

o5oo
2o

_o

40
O8OO

20

20
4O

_0

ii00
2O

1200

2O
_0

13o0
2o

_o

14oo
2o

40

1600
2O

4O

1700
zO
40

18o0

20

40

2oOO

20

2_
40

22OO

20

gO

2300

20
4O

2400

Table 3-2 CREW SCHEDUL_G, FLIGHT 218 , SHEET 12 OF 12

CREWMEN ACTIVITIES

o_ I 2 3

I

I on3(o)

31

q-

,on3(s)
Sleep

]i

I

I

7

I

I

I--

Z

Sleep

o113(_

on3(o

E/_yg

m

io]13(s)

_YS

_a(o) I

E/Hyg

I

!

T

DAY

vl
O0O0

20
40

0100

20

40

o2_

o3_
t 2o

40
OgO0

2O

tO

0500
20
_0

o6oo
20
40

0700
20
go

o8oo
2o
go

0900
2O
4o

lo0o
2O
_0

n_
gO

1200
2O

aO

13oo
2O

20

40

150O
20

gO

16oo
20

gO

.1700_
20

1840_0'

20
40

1900
_ 2o
t .o

4o

2100
2O

40

22OO

2O

40

23OO
20
_0

2400

_ CP_MEN ACTYVITIES ! _ CREWME_ ACTI_ITIE_

o_ 1 2. 3 i o_1 2 3
DAY

L]
0000

2O
4O

0100

2O

40

0200

20
40

o3oo
2o
go

04002o
4O

0500

2o

_o
o6oo

t 2o
gO

o700
2o

_o
o8oo

20

4o

O9OO
2o
4o

ioo0

2o

4O

Iloo

2O
40

1200

2O

l 4o
13o0

20

lgoo

_O
40

1500
20

_0
1600

2O

_0
i1700

_ 20
40

1800

20

_0

1900
2O

_0

2OOO

20
40

2100

2O

a0
I 2200

_ 20
_ 40

2300
20

40

2gOO

NOTES

DAY

I
0000

20

gO
• Oloo

20

_0

0200

• 20
40

0300

2O

o_
_ 20

_0

0500
2O

40
0600

2O

_0

07OO
2O

aO

O8OO
20

_0

0900
20

• i000
20%
gO

ii00

2O
40

1200

2O

_0

1300
2O

40

1400

20
gO

1500
2o

gO
16oo

2o

g0

17oo

2O
_o

18oo

20

4O

l_oo
2O

40

2000
_ 20

40

2'100

20

gO

2200

23OO
20

_ _0

2400

9-7 .?3

CPS_ ME_ ACTIYITIES
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-,, _ 3" 2 SPACECRAgV2. DEFINITION :_ -, .,.

Flight" 218 conf_uratlon, Shown in Figure's B-i and 3-2, carries experiments dealing

with Biosclences/Physicai Sciences, and rendezvous with Flight 219 to extend mission

duration, iThe Cosmic Ray Emulsion Experiment (0606), mounted on a boom dl/ring _n EVA,

requires earth orien%ation, The Solar Concentrator for Crystaliization'Studies

(0605) requires orientation towards the sun. The Navigation and Guidance Experiment

(.1407) requires periodic spacecraft orientation towards a landmark, a stellar inertial

reference, and to local vertical. Although 1407 experiment equipment is carried on

this flight the experiment is performed after rendezvous with flight 219.
P

Attitude is held within a deadband of + 5°, except during experiment periods having

specific pointing and stability requirements. Pointing and stability requirements

are accommodated by the CSM within the RCS propellant capacitie s of both the "C" and

"D" versions.• In addition, the "C" version of the Lab carries additional RCS

prgpellant to supplement CSM propellant capacity (for the attitude held function ).

The Lab takes over during the latter part of the mission following rendezvous with

the subsequent flight. The "D" version of the Lab carries additional propellant and

tankage for _he same purpose.

The final rendezvous and docking operation, associated with the resupply flight, is

accomplished by the Lab. The Lab detaches from the original CSM, and using the LEM

RCS system and flight controls, docks with the resupply CS_. The reason for flying

the Lab for the final rendezvous operation is that the Lab retains crew visibility

for the docking maneuver, and the L_ RCS and flight control system is readily

available. A docking ring is provided on the descent stage of this flight space,

craft to p_rmit the original CSM to re-dock following rendezvous. The return

crew transfers to the CSM by EVA. It should be noted however, that •a continuous

tunnel between the Lab and re-docked CSM could be accomodated, provided that the

crewmen transfer in shirt sleeve condition.

The LEM optfcal telescope installation in theupper forward cabin provides conical

(60 °) coverage for the 1407 experiment. The Star Tracker(1407) installed in the

• °.... _ -_^- _÷_ ...... _ _ _ provides a couical (45°_ coverage.

r
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The bulk of equipment for.Extra Vehicular Operations (1501,_ 2, 3, 4, _) are located

externally, in the forward portion of the D/S. The Solar Concentrator (0605) is

rotated away to permit ingress/egress through the forward hatch for EVA. Prior

to docking, the Transfer Experiment (1504) is conducted. A motor reel assembly

10_ted on the D/S below the forward hatch deploys a line for tr_sfer of'material

between the two spacecraft.

Structural modifications to the LEM A/S are required to accommodate the Solar

Concentrator quartz window on the forward hatch. All other experiment equipment

installations involve .additions to existing L_4 A/S and D/S structure.

The inboard profile (Fig. 3-2) shows that adequate internal volume is available to

accommodate experlments. All experiment displays and controls, including the LEM

left hand flight control station, are located inthe forward cabin or are accessible

from forward cabin crew positions. In additio_,'experiment displays and controls

for the subsequent rendezvous flight experiments are located in the Lab. Food As

stored below the floor in the forward compartment and fna canister below the floor

where the LEM ascent engine is normally housed. LiOH canisters are stored

internally, mounted on the aft bulkhead and are replaced from external storage

during programmed EVA 's.

0100 (Biomed) and 0200 (Behavioral) and 0501 (Radiation Monitoring)

installations are coamon for all flights.

equipment

In addition to the standard CSM/LEM Lab interface, thls flight requires additional

wiring for accommodating the Earth pointing requirements of experiments. Interface

wiring involves star tracker and horizon scanner sensory Inputs used to!maintain

attitude hold. This interface is also duplicated between the Lab and the sub-

sequently resupplied spacecraft.

The difference between "C" and "D" versions of the Lab are the addition of one

Apollo X 02 and H2 tank, added fuel cell reactants, an additional fuel cell, and

in increase in FCA radiator area of 18 ft2. These modifications to a,"C"_version

Lab accommodate _- aA_d_-dp_er _,_n_ of the "D"-verslon Lab required by _aking

over CSM power requirements after (nominally) 14 days. In addition , the "D" version

of the Lab carries additional RCS propellant and tankage to supplement the RCS

propellant requirements of the CSM "D" configuration.



This flight utilizes an APollo CSM fuel cell electrical generatiog, system, a L_4

ECS to provide independent life supPort during rendezvous and selected components

to provide data transmission, status and appropriate displays. _!

VHF communications are carried in the Lab to provide voice and data links with the

CM during rendezvous.

The estimated laborator_ weight of the "C" version is 8134 Ibs and of the I"D"

version is 11,079 Ibs (see Tables 3-_ and 3-5).

Basic subsystem characteristics pertinent to this flight are described below:

Vehicle Orientation

Stabilization Requirements

Avg Experiment Pwr (Delivered)

Number of Repressurizations

Equipment Cooling

Nominally Earth Pointing

±.5° 19 hr; ±.5 ° 1061 Hr

62 Watts

5
2A ft2 Radiator's

Number of Fuel Cells

Oxygen Tanks

Hydrogen Tanks

Peaking Battery

Fuel Cell Cooling

RCS system

RCS Tankage

S & C :!System

WasteReactaats

Water f0rThermal Contr.

Wate_ Generated

(Mix)

C Config.

2

I Apollo X

i Apollo X

5 AMP HR

7.5 ft 2 Radiator

Std LEM Thrustors

STD LEM Tanks

Controllers, ATCA, Rate Gyro

FDAI Needles, Panels

297 lb 83 15

0 0

531 ib 1273 Ib

D .Config
Takeover Point = 14.8 Days

3

2 APollo X

2 APolIO X

5AMP_

26 ft 2 Radiators

Std LEM Thrusters

4 LEM Ox _- 4 n_4 _uel

Waste reactants are needed to accommodate the estimated boiloff rates.,These

fluids are disposed of by increasing the Poweroutput of the normally operating

fuel cells and energizing either a dummy load or idle equipment.



TABLE 3-K. LEM LAB DETAILED WEIGHT STA_ FLIG_ 218

T. *

C(_K)NEI_ " ,W.e_gi_t ,"I lh .
Configuratlon :

" i .' "./,(Structure '":'<' "' "

Ascent " "Basic ....o. o. e-n, • • • • • • • • • • • • • • • • • •

Basic Descent. ,". ¢ • • • • • • • • • • • • • • • • •

"Shleld!ng Sthct;i [ "
• , . • • t • • • • • • • • • • • • •

Powez; Pack

E_r imen't Supports.

RCS S_ppor.ts ' "• ..............Docging Rfmg ...................

Stabilization End Control " "• • • • • • • = • • • • • • • •

, . . • •

Attitude Translat'ion Control Ass 'y

RAte Gyro As S 'Y ' ....
'Gontroflers. " " " ..... •• • o. • • • • • • • • • • • • • • • • •

Crew Provisions .....................

Restraints

• Lighting .......................
"FOod . ........................

.. LiOH-PLSS .......................

Reaction Control System .................

Propellant .....................

ProPellant System ..................

Pressurization System ................

Thruster Ass 'y ....................

c

(234o) (23 o)
802 802
$50 750
5_2 542
50 50
I'o4 Zo_

•"53 63

_39 39

27
2 2

35 35
i0 , i0

_8 _a8

18 18

(611) (1650)

300 i15o
135 L::Fo8
55 1_o

122 122

Controls and Displays .................. (130) (130)

Env irommental Control ................. •

Atmosphere Revitalizat ion System ...........

O2 Supply and Cabin Pressurization ..........
Water Management ...................

Heat Transport, Cold Plates, Coolant .........
LIOH-ECS .......................

Water. ....... . . . . . . . ..........
Radiators ......................

Thermal Control ....................

(760) (792)
80 80
3_ 3_
36 36
105 105
38_ 38_
_0 _0
80 i12.

3 3

Instrumentat ion .....................

Signal Conditioner ..................

PCM Timing Elec. Ass'y ................
Data Storage .....................

Experiment Selector ..................

Data Tapes ......................

Spare Voice Recorder ........... ......

(3Ol) (3Ol)

39 39
25 25

6

18o 18o
6 6
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TABLE 32+ Li!_4 LAB DETAILED WEIGHT STATEMENT FLIGE_ ._18 (Cont'd.)

COB-POI_ Weight, ib
Conf igurat ion

Electrical Power Supply .................. (2239) :(4103)

As .... 492 738Fuel Cell s 'ys I....................
' ' 8_3 1987Reactants sad EU8 Oxygen ............... _ :

Reactant Tankage ................... 4_ 848

Batteries and. Charger ................. 13 13

Plumbing " 40 6o• • • • • • • • • • • • e • • • • • • • • • • • ",

Inverters ' " . " 75 75• • • • • • • • • • • e • • • • • • • • • • •

Wiring, Distribution. and Umbilical .......... 352. 382

(58) (58)Co,m_micat ions ......................
Television ............. . ......... 24

Audio Cente_ ..................... 6 , 6

Voice Recorder " 2 2

V_F/UHF Comunications ................ 26 26

Experiment ........................ (1301) (1301)

(6o) (6o)Spares " ' '• • • • • • • • • • • o, • • • • • • • • • • • • • •

Total Laboratory.. .................... 8134 11,079

-- -- - ' _ ill | •

_g_glg g mw umu _ ....



TABLE 3-5 INTEGRATED SPACECRAFT WEIGHT STAT_NT

COMPONENT

Command Module Basic Weight . ."., _ . . . . (IO 7)

Servlce_Module Basle Weight . _ . . . . . _ . . _.,. _! . (I0,5_6)

CSM Retro-Propellant ........ (1,349)

FLIGHT 218

Weight, lb.

Configuration
D

(io,2871

(1,191)

(8_,134.)
2_340

. 1.3501
2,68"2
1,811

Laboratory Weight '_'

Basic Laboratory Structure . . , ..........

Experiments: • • , • • -• • • • • * • • . • • • • • . • . •

Experiments Support Systems ............

Expendables ".. ..................

(n.o79)
2,350
1,301

3,623

3,805

CSM Experiment Dependent Weights
Pr•RCS opellant . . . . ._; , • • 380 370

Total L_bore.to_e.nd, EXp_.glment J . . . _....._ . _ • _(8,:514-)" -(Ii,449)

A!lowa.b!e Lab. and Exper. Weight ......... • • :" • 9,_5_ .. 12,032

Total Orbiting Weight ................. 30,696

Ser, ce  : uie "Propella t (A. cent) ..... ..... 1,4i0
SLA Adapter • • ......... - • • • • • .: ._ 3,505

32,087

1,410

3,505

Launch Vehicle Payload ................ 35,611 37,002

m'ZW'_ ._
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4, FLIGHT OPERATIONAL SUPPORT: FLIGHT NO. 218

j'

Experiment 0100 & 0200 _Med!ci_e s_d Behavioral- Periodic daily, data

transmission and ground monitoring of safety parameter data.

Experiment 0501 -Radiation Environment Monitoring - Ex+_erual p_r_icle
,, ni J , °

flux measurements during a solar flare event are to be correlated with

the solar actiVity observations made on earth stationed observatories

and other •satellites. : _,

Experiment 0606 - Cosmic Ray Emulsion- Routine monitoring of solar

activity.

Experiment 1407 - Performance Assessment of On-Board Guidance and

Navi_tion SyStem and! Comp6nents- Periodic ground station tracking for

orbital parameter upgrading of the on-board computations. Assessment

by ground Istations of on-board testdata.

Table 4-i presents the experimental data mana@ement requirements of the

flight. A discussion of this table and the data management system is

contained in Voiume _i.

,'• , . .... , '

-- -- - a_nllib_pLj_.. -



_ 2-7.38

TABLE 4-1. FLIGHT 218 DATA MANAGEMENT

Avg. Daily Data Recording Requirements

Experiment

NO.

0100 s

O2OO
S

O5Ol

o6o3
A&B

0601,

O602A&B,

o6o4

06o5 i
o6o6

Recording Time, min

Totals

Data Rate

K-bits/sec

9 (AVG)

6.4(AVG)

0.8

(A)

51.2 K-b/sec

(B)
1.6 K-b/sec

Rem_r,ks

_Negligible Recording Requirements

45

13

335 58

7.6 Exper-Er/Day

6.8 Exper-Hr/Day

45 Min/Day Monitoring

iO Hours/Mission

Avg. Daily Data Transmission Time, min:

• Reqd: A + B/32 = 337 min

• Available = 280 min

Data Excess (Minutes of Tape) per Da_-"

Required Minus Available Transmission Time . 57 min

I172 ibData Tape Return Requirer Data Excess per Mission (min) _ 86 Reels 8.6 cuft30 min/Tape Reel -

Optimum Avg Daily Transmission Time Required = 7.9 min

Voice Tape Return Required (4 packages) 8 ib, 0.I cuft

Film RetrunRequlred zero !b, zero cuft

Data Tape Carried 180 lbs.



Altitude, n. mi

Mission Title:

Objectives:

o

200 ] I Inclination, deg 28.5

SPACE OPERATIONS, BIOSCIENCE LAB.

FLIGHT MISSION DESCRIPTION

Duration, days

2-8.1

Flight No. 219

This flight will rendezvous with the previous flight for the continuation of the

exploration of the effects of space flight on living organisms. In
this respect; this flight contains biological systems ranging from microbes

to mammals. In addition, on-board guidance and navigation systems, as
well as extravrhicular operations, will be assessed and evaluated. A

centrifuge for biomedical experimentation will also be carried.

Configuration: C (Extended CSM, LEMA/S, Low profile D/S With Docking Tunnel) or
D (Modified Block II CSM, LEM A/S Low profile D/S with docking tunnel.)

E xperhnent Summary:

No. Title

oB02
o_oi
o4o2

o_o3
o4oh

o4o5
0_06

1501
1502

15o3
15oh

15o5
14o7

On-Board Centrifuge
Microbial Genetics and Growth

Development Biology
Mammalian Physiology

Limb Regeneration and Wound Healing
Effects of Drugs on Mammalian Behavior

Soft Capture; Innumeration and Identification in
Space Borne Micro organisms

Evaluation of Advanced Space Suit Assemblies

Development of MannedLocomotion and Maneuvering
Capability

Emergemcy Techniques for Rescue

Development of Personnel and Cargo Transfer Oper_tlons
Maintenance and Repair

On-board Guid. & Nay. (carried up on Flight 218, used on
Flight 219)

Equipment
Location

LEM Stage
CM

Asc Desc

X

X

X

X

X

X

X X

X

X

X

X

X

_lpv el| II_Inll w ww-_m



2. EXPERIMENT DESCRIPTIO_ SUNNY

Fuo -m9

EXPERIMENT: 0902 - _ Board Centrifuge -The centrifuge will serve as a condition-

ing device for reducing or preventing debilitatio n, and as a test device to deter-

mine the frequency, duration and levels of g-loading required to maintain physical

fitness in a zero-g field. The crew will operate the centrifuge, install biological

sensors on the centrifuged astronaut, and monitor responses during and after cen-

trifuging. Tests will be made periodically; g level, time, and physical position

of the subject will be varied Derived data will include blood pressure, heart

rate, oxygen consumption, respiratory rate, EKG, etc. A TV monitor will be pro-

vided. As an evaluation technique, records will be made of g tolerance with work

assignments, exgosure time, and physical and mental condition.

EXP_IMENT: O401 - Genetic Effects in Microorganisms (DNA Recombination I Mutation

Rate a and Phage Production) - This experiment is an investigation in the fundamental

mechanism of reproduction. The objectives are : to determine effects of the zero

gravity condition on replication and recombination of DNA in microorganisms; and,

to test the hypothesis that synergistic effects on mutuation rates and phage pro-

duction in microbial cells may occur due to prolonged weightlessness in combination

with other space environmental factors, particularly radiation. This experiment

involves the transfer of microorganisms into tubes of suitable culture media, in-

fection of the cultures with lysogenic phage strains, halting the infection at

timed intervals, and observing results in the space laboratory. Additional ex-

aminations, after return to earth, will be made.

EXPERIMENT: 0402 - Effects of Space Fli6ht on Mx)rpholo6_ _ Growth t and Gas/Liquid

Separation in Microorganisms t Unicellular 0rganisms_ andAnimal Tissue Cells. - The

objective of this experiment is to determine the effects of weightlessness, in-

dependently and in combination with other space flight environmental conditions, on

growth rates and morphology of unicellular organisms and tissue cells. Changes

observed will provide information of such effects applicable to animals and man at

the cellular level of body tissues that can be related to the results of biomedical

and behavioral investigations. One part of this experiment involves the incubation

of microorganisms (E. coli) in a suitable liquid culture medium and meas_ir]ng their

rate of multiplication by means of a spectrophotometric record of increase in

density. A second part of this experiment is the investigation of a hypothes_s

that gaseous metabolic products of a non-motile organism remain as an envelope

surrounding the cell in quiescent aqueous solutions and could thereby interfere

with normal metabolism of the cells. A third part of the experiment involves the

growth and observation of paramecia and of HeLa cells to detect possible changes

in growth rates and specific metabolic effects. The paramecia and the HeLa cells

would be introduced into their separate appropriate liquid-nutrient media by the

XLL_,,i£" _£'%)W u1_ w_u-Lu

in which the aerated nutrient solution will be circulated. The nutrient solution

will be pumped in and the effluent removed at the same constant rate. At selected

daily intervals, samples from the effluent would be frozen and returned to Earth

for measurement of growth rate, analysis of enzyme changes, and determination of

morphological changes.



EXPERIMENT: 0403 - The Effects of Wei6htlessness on Cardiovascular and Respira-

tory Functions, Hormone, Mineral, and Water Metabolism;..ANS; CNS and Brain Mecha-

nisms t O_erant Behavior; and Biorhythms in the Primate. z The objective of this
experiment is to study in detail the effects that immobilization, isolation,

sensory deprivation and weightlessness may induce on physiological, neurological,
metabolic and performance characteristics of the mammalian organism. Measure-

ments will be made, such that, any effects will be indicated by such symptoms as:

changes in blood pressure, volume and velocity, pulmonary mechanisms, mineral

mobilization, metabolic rate, RG, BMR, slowing of the reflex arc, abnormalities

in EKG and EEG patterns, and degradation of performance. The study will be con-

ducted on a heavily instrumented chimpanizee. Effects on the measurements of

motivational factors will be investigated. Finally, study of higher mental
processes, learning, and decision making ability will also be included. The

cardiovascular functions will be measured by means of clinical methods applicable

to spaceflight conditions. The respiratory measurements concern respiratory rate,

tidal volume, vital capacity, and carbon dioxide production. The ineraction with

food intake, water intake, thermo regulation, exercise, oxygen level, and various

performance measures with metabolic rate will be determined and analyzed.

EXPERIMENT: 0404 - Limb Regeneration and Wound Healing During Weightlessness - The

objective of this experiment is to investigate possible changes in capacity and

rate of tissue regeneration in newts and planaria that may result from prolonged

weightlessness, and to relate the results to effects on tissue regeneration and

wound-healing in higher forms of animals. Planaria have been used extensively to

study properties of tissue regeneration because of their ability to form separate
animals by fission and to regenerate new intact animals from severed segments. The

astronaut will be required to maintain the planaria culture during the flight, after

their surgical preparation at the launch site. The mechanism for recirculation of

water in the animal chambers will have to be stopped during a feeding period of 2

hours duration every other day. The morphological changes in the animals will be

observed and recorded by!low-power photomicrography. Radiation shields will be used

to vary the environmental radiation. Similar investigation using newts as the

experimental animal is included in this overall experiment concept.

EXPERIMENT: 0405 - The Effects of Drugs on Mammalian Behavior in Space Flight - The

objective of this experiment is to determine the effect of drugs on behavior pat-

terns under conditions of weightlessness, isolation, partial and complete sensory

deprivation, and forced immobility. It is assumed that these factors will act as

stressors on the living organism And will effect behavior and performance. In

particular, if the basic biologic mechanisms for altering behavior by means of

pharmocological agent can be identified, drugs possibly can be used to minimize

any adverse effects of space flight or to control behavior: The fundamental

experiment will be to observe the influence of drugs on trained animals both on

the ground and insDacecraft. For example, groups of rats will be trained to obtain
a liquid reward (water) on a fixed interval schedule. After achieving a stable

level of performance, each group will be subject to different periods of isolation

and the rats observed and the rate of water intake measured by means of standard

procedures. As a second step, different types of drugs that are active on the

central nerv6us system will be used to modify any behavioral or performance pattern

that occurs during isolation. Typical drugs might be amphetamine, caffeine,

methylphenidate, ipronlazid, imipramine, pentobarbital, cholorpromaxine, reserpine,

and benactyzine.

__A--- ..... T! A ,
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EXPER_dENT: 0406 - Soft Capturez_Enumeration, and Identification of Space-Borne

Microorganisms - The objective of this experiment is to test and perfect techni-

ques for the capture of microorganisms in space_ in order to permit their

enumeration and identification.. The feasibility of employing various sampling

techniques already developed and under development will be evaluated. The yield

attained by the collection techniques will be analyzed with respect to types of

organisms and viability of life forms. It is hypothesized that microorganisms

can occur in near space either as free cells or as adherents to solid particles.

Techniques to be assessed include screens covered with hylax, as used earlier £n

satellites and very-high-altitude aircraft, and simple infraction methods involving

the use of silicon greases and other materials as _mfraction surfaces. Provisions

for protection of collected samples from contamir_t_on by terrestrial organisms

will be evaluated. Collected material will be assayed chemically for protein

nucleic acids, or other significant compounds after the samples have been returned
to the Earth.

EXPERIMENT: 1501 - Evaluation of Advanced Space Suit Assemblies -!?he objectives

of this experiment are to validate the structural and dynamic integrity, and pro-

tective and performance characteristics of advanced space suit systems. And, to

resolve problem areas of suit design and development by establishing criteria for

those specifics for which earth-bound simulations cannot suffice. Following pre-

flight dynamic testing utilizing articulated dummies and simulating space environ-

ment, manned evaluations of the suit will be made. Extravehicular tests of mobility,

dexterity and lifting capability will be conducted. In addition, extended oper-

ations utilizing the AMUwill be conducted. Post-flight inspectioq of the suit

will determine the integrity and protective effectiveness of materials and fabrica-

ting techniques as used in suit assemblies.

EXPERIMENT: 1502 - Development of Manned Locomotion and Maneuvering Capability -

Tihe objectives of this experiment are to develop techniques, operations and equip-

ments enabling man to move and maneuver intravehicular and extravehicular by using

his own physical power, or aided by special propulsion systems and encumbered by

tools, equipment, supplies or other impediments. Initial tests will be intra-

vehicular and will include evaluation of techniques required to don and doff space

suits, life support systems and propulsion systems. Emergency repair and life

saving techniques will be evaluated. Extravehicular attitude control operations

using '_ody english" movements, safety lines and the AMU will be conducted. Extra-

vehicular locomotion operations using hand holds, cargo nets, static lines, body-

powered free soaring and AMU-powered flight will be conducted. The above will be

repeated using various tools or logistics loads to serve as encumber_nces. Co-

operative maneuver techniques will be developed by using the "buddy-system" for
some of the above tests.

EXPERIMENT: 1503 - Emergency Techniques, Equipment and Procedures for Rescue

Operations. - The objectives of this experiment are to develop techniques, equip-

ment and procedures for: the rescue of personnel who have been injured or require

evacuation from a disabled spacecraft; failure detection and warning systems; and,

rescuing extravehicular s_ojects, initial tests will include the emergency repair

of the space suit, PLSS systems and propulsion systems, the use of external ECS

umbilicals, emergency techniques utilizing the life support bag and the evaluation

of failure detection and warning systems for the rescue of extravehicular objects.

Various techniques of rescue operations (buddy rescue system, safety line, net,

sled, etc.) using an empty pressurized suit as a dummy will be evaluated. Sub,

sequently, rescue operations of an astronaut simulating injuries will be conducted
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utilizing the techniques developed above. In addition, rescue of extravehicular

objects utilizing nets, safety lines, hooks, remote controlled systems, etc. will

be conducted.

EXPERIMENT: 1504 - Development of Personnel and Cargo Transfer Operations - The

objectives of this experiment are: to perfect the equipment needed for transfer;

to develop handling techniques; and to train the crews in the methods of intra-

vehicular and extravehicular transfer operations. Personnel and cargo transCer

operations will be conducted on the resupply flight. The transfers will be accom-

plished prior to the docking operations. Transfer will be accomplished by the

following means: tether line, conveyor-type system, and AMU-powered transfer w_th

the personnel carrying cargo.

EXPERIMENT: 1505 - Maintenance and Repair Techniques - The objective of this

experiment are: to develop maintenance techniques usable for space missions; to

determine the design effects of these techniques on space hardware; to train

astronaut personnel in space m_intenance techniques; and to develop supporting

equipment and tool requirements. The maintenance and repair techniques will be

developed in conjunction with the performance of other experiments. The techniques

_ill be demonstrated on an "as-requlred" basis.
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3. EXPERIMENT/SPACECRAFT INTEGRATION

3.1 MISSION DEFINITION

Flight 219 may be best described as a physical sciences and biological sciences

flight. Thls'flight will rendezvous with Flight 218. Basic experiments on this

flight involve on-board centrifuge tests, extravehicular activities (i.e., cargo

transfer, human locomotion), and the effects of space flight on biological systems

ranging from microbes to mammals. In addition, on-board guidance and navigation

equipment will be evaluated and assessed. All the experiments have been scheduled

so as to meet their specified frequencies, with the exception of the first day,

which is primarily concerned with cargo transfer and docking, and the last day,
where the total time block for orbit and deorbit is reserved.

The crew schedule is summarized in Table 3-1 and detailed in Table 3-2. In

addition, Table 3-3 presents the experiment equipment mission profile.

Approximately 800 man hours are scheduled for non-biomedical/behavioral experiments.

Biomedical and behavioral experiments have not been specified pending further study

of the approach to be used on this rendezvous flight. If an arbitrary number of

200 man hours is chosen, the total on-duty time is lOO0 man hours as indicated. How-

ever, this total could go as high as the 1BB5 available. Biomedical and behavioral

experiments would be scheduled during portions of the periods currently labelled

"rest."
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Table 3-2 CREW SCHEDULING, FLIGHT 219, SIIIEETJ__OF ]2

DAY _ CREWMEN ACTIVITIES _ DAY e CREWMEN ACTIVITIF_ _ DAY _ CREq4MEN ACTIVITIES _ DAY H_

o I 1 2 3 I 2 3 _ I 2 3 o_

i ooo0 ...... , oooo0OOC ..... $ O_0 __

20 ..... Z/H2g F 20 E/Hyg . 20
2040 E/Hyg $ aO # 40 ' _0

Oleo _OlOO 15o215o2_:o1_ -- oloo
2011504 _5o_--_ 4o_°H 1A_ i_2_ _, 20] _5o2_._2 _ 2o-r

020040 Rest _ 0200 _/HYg ..... _Rest _ 020040 _ 4C,D,_ hC,D,_ :02OO:40
20 K 20

40 --c- _ 40 -- _ 20 20......... ,' _c_ _n __

0300 _L E/'_yg .'$ 0300 2 -- 1502 1502 _ 0300 i 0]00'_ 1
20 _ _ 20 IB&2B 1B&2B _ 20 20
40 1504 150_ N 40 _ 40 ....... 40

0_400 -- :,_ 0400 Rest _ 0400 _ -, _ 0'_00

.oT .est ::1 -r .oi2°.e.t 207, _L ___ _,/H_,_ ,o
0500 :_ 0500 _ 0500 ....... 0500

20 ........ :_ 20 .... _ ', 20 - 20

40 -[- 1504 150Z_ :', 40 E E/Hyg' ', 40 '_0 Io600 _L_ :! o6oo -- : o600 -T

20 ..... ',: 20 Rest ;, 20 _L 1502 1502 : 0600
4E 4E : 20

qO E/Hyg E/l_g i l 40 Rest ; 1;0 40

0700 ',', 0700 _ o7oo 0700

': 20 Z .... _ 20 Z 20 i4020 -]-- Rest i: 40 : 40 40

0800 Sleep ' : 0800 Sleep _02 ; : 0800 Sleep
:_'o _ ,' : 2oi, : 20 -_7_Y#"------' o8OO2o

.o ; 4o,-[ : _,o '_o_0900 _ 09O0
20 ' 20 Re_,l 0_00 -[ 0000

, i 20 -- Rest : 20
_0 _ _0 __, : 40 aO

IOO0 Rest ! iOOO I000 ]000

20 "T'q__ ' 20 Z ______., 20 'T --' 20 !
qO J--J E/Hyg _ QO E/--7_yg _leep E/Uyg ; 40 _L E/Hyg Sleep I 401 : 49

11oo " noo 11oo , _1oo •
20 _ 1 20 _ ..... . 20 ..... 20

_O -r-_ Sleep ' 40 I 1502 1502 ,: _0 406 406 ' !1200 _ _ " _O1200 _A&3B 3A&3B ; 1200 T 1200

20 20 I 20 .... 20
40 _ 40 ...... _0 _,o3 : 40

13oo ]_ 13001_r Rest I 13oo 402 _ 1300_o --' _o I_L _o_,,,-"'-q _o2(o) ', 20 I E/Hyg : 2o T_O 40 ,lest I luz{o): _('_fal I 40 --' 40
laOO ......

20 Rest _ Rest R 1400 ....... _02(s) i 14OO20 -- _ ia0020
• 20 Rest " _/t_yg

°o I -- oo! ..... I -- .o I15o0 __ 15oo 15oo 15o0

20 20 £502 .502 20 • -- 20
40 40 _C lc 40 40

1600 Rest 16OO 16OO Rest Rest 16OO

20 I 20 I ..... 20 • , 20 q-
40 -- Sleep _ L_O lest 40 I tlO _L

17OO E/Hyg 17OO _ _es_ 31eep ! 17OO Sleep _ 17OO

20 _ 2_ I 20 ..... 20

40 -- ' -- -- 40 406 4O6 40
18oo T

_8oo '_ 18 _L L_2 .502 Po _7_ 20- .L 18o0 T20

40 Rest 40 I ;B _B 40 406 .'..01900 1900 19oo -- 1900

2o ! 2°'1 20 I -- ' 20 i
40 .,, 40 hO es_ E,/Hyg I-_"7"_[_! 40

_ooo _o0o ..... _ooo _ooo
20 _ 20 :_es_c lest _ 20 ......... _ 20

T _,' ,_o 15o2 150_ 1502 : 4o£'10040 Rest _ 210040 {-O-_-s-_ -_9-9(-°_)_ 2100 _-'
20 20 _%_ , ',02(o) _U2lsl._ j_ 5& 5A 5A _ 2_00 T

---------e ...... ;02(s) _/Hyg _ 20 20
40 40 _/Hy;_ -- _ :_0 _ 40

.>2OO Rest _ 2200 -- 2200 1502 i502 1502 _ 2200

20 E ., 20.o 4o ]-_o_ __,_ _o T 5B 5B 5_ i 20 ]_- 40 -- " 40

-_30020 i _----E- __, 23o020' -- :_at _est .,' _300_0 "Re--,{"/_e-,_- ReT--_ _3o0 ;A_02 ;_o2
40 _ _ _o_ ,x _;-.._ _o_ : 40 _ _ ,29

124°°'''' t t , 24oo| | I I _ . 302(o_. 302[S)] Rest _ 2400 V-

N(_ Bio_edlcal & behavlo_1 experiments may be performed as required during rest periods.

2-_.] 3

CREWMEN ACTIVITIF_

I 2 q

1502 1502 1502

5C,D,} 5C,D,F 5C.D,F

Rest _e-sE- _est I

__= .' = / R02 [ ,_ ." I

302-(c') 302(S) E/H:,'4 I

E_/_H_y$__ E/Hy_..-----4

404

_est 1

.... -4

_01

_leep _ _,02 I

--4

_leep test I

_/Hyg

Re s t

_02 (o) _0.2 ( S )
_/Hyg

_est __..__.

Sleep

_/Hyg

_est

_est

_/Hyg :/Hy_ ]

.502 .502 502

iE iE ,E

IA502

_}) 8pacec r_ft

Occulted E/_yg 'Eat & Persona/ Bygiene

In Sunlight _ Limits of Experiment Time

OC cu_ted
ere. Limits of EVA

I "11_ l ! i I | |If i llni
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Table 3-2 CREW SCHEDULING, FLIGHT 219, SHEET__./_OF i2 2_#, !'

DAY

[]
0000

2O

4O

0100
2O

40
O200

2O

4O

o300
20

40

0_00

20

4O

o5oo
2O

4o

06OO

2O

40

o7oo
2o

4O

o8oo

2O
ao

o9oo
2O

4o

lOOO
2o

4o

llOO

2o

4O
12oo

2O

4o

13oo
2O

4O
1400

20

40

1500
20

4O
1600

20

40

1700
20

_0

1800
2O

40

1900
20
40

2000
2O

4O

2100
20

40

2200

20

4O

23OO

20

.40

CREWMEN ACTIVITIES _ DAY

o_ l 2 3

E/Hyg IE/Hyg E/}{yg

_ 0100

-VR. Rest Rest
......... i_ _ 0200

-- " .'_ 20

Rest _ 0400

y ;: 20
- _ --------4 : 40

1407 ._ O5OO
' 20

Rest _ 40

: 06oo
_ 40

_ 07oo

Rest ' : 20
Sleep _ : 40

1407 _ O8OO

---------4 , 20

Z Rest : ' 40_ 09OO
, : 20

IA_07 ' : 40

:00o
Rest ' ', 20

i ,
40

lb,07 ._ 1100
_' 20

:i 4o
_ 1200
Rest ' t 20

;: 40

1300

E/Hyg :: 20
_ 40

,._ 1400
• , ', 20

;' 40

_ 1500

; : 20
, ', 40

_ 1600
', 20
' : /_0

Sleep _ 1700
' 20

_ 4o
N 1800
, : 20

I ', 40
, b

', 40

40

._ 22(30
, 20

J-Rest _st _,t _ 4o

:-- --- ._ 20
_ 4o

L|i 2_00

I I I I "

E/Hyg

.L
Rest

Rest

.7--1407

Rest

Z I_O7

Rest

Z I_07

Rest

1407

Rest

_es_

-r _o2(o)

E/_yg

40_

402

E/Ryg

Sleep

404

Rest

R02(ol

302(s)

NOTEs

I

I_leep

I

I

I S/HygT

1407

i

I
_.-t__

I

I
Rest

Z
so2(e)
Rest

30_1°)
E/Hyg

Sleep

Res t

R021o]

302(s;

Rest 'i 4o
-_; 1000
1407 ,: 20

Sleep E/Hy_ ,i 1100

i 20

.... : 20
aO 1

Rest _ 1300
2O

-- _ _0

i i_OO
20

, 40

1500
2O

.!

!_ I!1 I I .... I I I I
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DAYI

[]1
0000

20 !
4O :

0100
20
4O

0200

2O

_O

030O
20

/$O

0400

20
40

O50O
2O

hO
O600

20
40

o700
2o
4o

08OO

2o

AO

o9.oo
20
aS

1000

2o
z|O

] 100
2O

';0

1200
2O
40

130O
23
hO

1400
2O
_;0

15oo
20

40

16oo
2o

ao

1700
_ O
_0

1800
20
aO

1900
sO

40

2OOO

YO

aO

2100
20

40

2200
20
40

2300
20
hi%

1246;

i CROMER ACTIVITIES _F
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Table 3-2 CREW SCHEDULING, FLIGHT 219, Sh'EET ii OF_
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Table 3-2 CREW SCHEDULING, FLIGHT 219 , MET/2__OF_?.._
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3.2 SPACECRAFT DEFINITION

Flight 219 configuration, shown in Figures S-I and3-2, carries resupply and sup-

plementary experiments dealing with Bioscience and EVA, and a_e to be evaluated

after rendezvous with the previous flight. This flight also carries the 0302 On-

Board Centrifuge. Navigation and Guidance Experiment (1407), carried on the pre-

vious flight and performed on this flight_ requires periodic orientation towards

a landmark, to a stellar inertial reference and to local vertical. Attitude is

held within a deadband of ± 5°, except during experiment periods having specific

pointing and stability requirements. Pointing and stability requirements within

the propellant capacity of the CSM, for this flight, are exceeded for both the "C"

and "D" versions. For the "C" version, the previous flight's Lab RCS system supple-

ments the attitude hold function. HoweVer, for the "D" version, the Lab for this

flight must carry a L_ RCS system and added tankage to supplement the attitude hold

function .... and is als6 supplemented by the previous flight's Lab RCS system.

The laboratory is a standard LEM ascent state modified for living organisms exper-

Iments. The Living Organism Experiments (0401, 2, 3, 4, 4) are located in the for-

ward cabin and equipment area of the A/S. The incubators and refrigerator associa-

ted with the Space Borne Micro-organisms experiment (0406) are located in the for-

ward cabin of the A/S while the cartridges are stowed on the D/S. All animal con-

tainers are capable of pressurization and contain an ECS loop and waste management

system.

Equipment for Extra Vehicular Operations(15Ol, 2, 3, 4, 5), requiring internal

storage, is located on the aft bulkhead and on the right hand side of the equipment

area of the A/S. A safety line is provided outside the forward hatch.

All experiment equipment installations are additions to existing LEM A/S structure.

A low profile descent stage contains a docking tunnel and supports the On-board

Centrifuge (0302). The tunnel permits passage through the existing A/S engine

floor cutout, in coveralls. Pressure suits and backpacks pay be passed down if
required. The centrifuge is operated in a shirt sleeve e_ironment.

The inboard profile (Figure 3-2) shows that adequate internal volume is available

to accommodate experiments. All primary experiment displays and controls for this

flight are located in the forward cabin of the previous Lab. A freezer for the

Living Organisms Experiments (0401, 2, 3, _, 5) is located below the floor in the

forward cabin. All resupply Li0H cannisters are stored externally in the D/S.

Resupply food is stored in the resupply Lab cabin and restocked into the previous

flight's Lab once docking is achieved.

In addition to the standard CSM/Lab interface, this flight requires additional

interface connections between this Lab and the originally resupplied Lab. The

interface wiring is the same as that required for the Lab/CSM interface.

The difference between "C" and "D" versions of this Lab are the addition of one

Apollo-X 02 and one Apollo-X H2 tank, added fuel cell reactants, a FCA and an
increase in FCA radiator area of 19 ft2. These modifications to a "C"-version

Lab accommodate the added power demand of the "D" version Lab required by taking

over CSM power requirements after (nominally) 14 days. In addition, the "D" version

of the Lab carries the L_ RCS system and added tankage to supplement the RCS pro-

pellant requirements of the CSM "D" configuration.
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This flight utilizes an Apollo CS4 fuel cell electrical generation system, a LEM

ECS to provide atmosphere revitalization to the animal tanks and recircuLatlon of

atmosphere both from the C_and LAB#_I8. It is anticipated that open hatch opera-

tion can be made available for LAB#219 if desired.

The power supply carried on this flight is si_ed to provide "housekeeping" power

both for this flight and the resupply flight. An oxygen and electrical interface

will be provided from this flight to the resupply flight.

The estimated laboratory weight of the "C" version is 10,963 ibs and of the "D"

version is 14,971 ibs (see Tables 3-4 and 3-5). A brief discussion of how this

flight could be brought within the allowable weight limit is included in Volume

i Sec. 4.6.

Basic subsystem characteristics pertinent to this flight are described below:

Vehicle Orientation

Stabilization Requirements

AVG Experiment _ (Delivered)

Number of Repressurizations

Equipment Cooling

Various

± .5°- _ Hrs.p±5 °- 45 days

162 watts

5
30 ft 2 Radiators

"C" Config. "D" Config.

Takeover Point=f4.8 days

Number of Fuel Cells

Oxygen Tanks

Hydrogen Tanks
Peaking Battery

Fuel Cell Cooling

RCS System

RCS Tankage

S and C System

2

i Apollo X and i Block II

i Apollo-X

_one
ll.3 ft= Radiator

None

None

None

Waste Reactants

Water for Thermal Con (Max)

Water Generated

9.2 lb.
None

723 lb.

3

2 Apollo X and i Block II

2 Apollo X

No_e
30.6 ft _ Radiator

Std L_Thrusterm

4 LEM ox- _ LEM Fuel

Interface to #218 ATCA and

Panels

ii lb.

None

1499 lb.

Waste reactants are needed to accommodate the estimated boiloff rates. These

fluids are disposed of by increasing the power output of the normally operating

fuel cells and energizing either a dummy load or idle equipment.

_- - 4-- _--.--.--......dUn
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Table 3-_ LEM LAB DETAILED WEIGHT STATEMENT

FLIGHT 219

COMPONENT
Weight, lb.

Configuration

Structure ......................

Basic Ascent ..................

Rack .......................

Shielding ....................
Power Pack Structure ..............

Experiment Supports ..............

RCS Supports .................

Docking Ring & Tunnel .............

Crew Provisions .................

Restraints ...................

Lighting ....................
Food ....................

LiOH-PLSS ....................

Reaction _ontrol System ...............

Propellant .................

Propellant System ................

Pressurization System ...............

Thruster Ass'y .................

Controls and Displays ...............

Environmental Control ................

Atmosphere Revitalization System ........

02 Supply and Cabin Pressurization ......
Water Management ................

Heat Transport, Cold Plates, Coolant ......

LiOH-ECS ................... .
Water ......................

Radiators ...................

Instrumentation ...................

Signal Conditioner ...............

PCM and Timing_ Elec. Ass'y ............

Data Storage ...................

Experiment Selector ...............

Data Tapes ...................

Spare Voice Recorders ..............

C D

(2163)
8O2
470
426

5O
310

io5

(35o)
35
i0

228

77

(387)

(935)
8o
34
36
lO5
526
4o
114

(151)
45
_Q
_J

25
6

3o
6

(2246)
8O2
47O
446

5o
31o
63

lO5

(35o)
35
I0

228

77

(1640)
n4o

268
ii0
122

(387)

(979)
8o

34
36
lO5
526
40

158

(151)
45
_Q
JJ

25
6

3O
6
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Table 3-4 LEM LAB DETAILED WEIGHT STATEMENT

FLIGHT 219

COMPONENT

(Cont'd.)

Weight, lb.

Configuration

C D

Electrical Power Supply ................ (2987) . (5138)

Fuel Cell Ase'ys ................. 492 738

Reactants and ECS Oxygen ............. 1408 2839

Reactant Tankage ................. 514 938

Plumbing ................ hO 60

Inverters ................... 75 75

Wiring, Distribution and Umbilical ........ 458 488

Communications ................... (58) (58)

Television ................... 24 24

Audio Center ................... 6 6

Voice Recorder .................. 2 2

VHF/UHF Antenna .... , ............ 26 26

Experiment ......................

Spares ........................

(3872) (3962)

(6o) (6o)

Total Laboratory .................. 10995 14971
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Table 3-5 INTEGRATED SPACE_ WEIGBT STATemENT

FLIGHT 219

CGMPONENT
Weight, lb.

Configurat ion

Command Module Basic Weight (i0 287)
• • ! • • • 4 • • • i • • •

Service Module Basic Weight .............. (11,479)
CSM Retro-Propellant ................. (1,349)

Laboratory Weight .................... (10,963)
Basic Laboratory ........... , ..... 2163

Experiments ................... 3872

Experiment Support Systems ............ 2649

Expendables .................... 2461

CSM Experiment Dependent Weights ............
RCS Propellant ................. 22i0

Total Laboratory and Experiment ............ (13,173)

Allowable Laboratory and Exper. Weight ......... 9,555

Total Orbiting Weight ................. 36,288

Service Module Propellant (Ascent) ........... 1,410

SLA Adapter ...................... 3,505

Launch Vehicle Payload ................ 41,203

(lO,287 )
(9,16o)
(1,191)

(14,971)
2246

3962

3913

485o

720

(15,691)
12,032

36,329

1,410

3,505

41,244

.... i.,Nr--- .
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4. FLIGHT OPERATIONAL SUPPORT: FLIGHT NO. 219

Experimemt 0401 - Genetic Effects in Microorganisims (DNA Mutation Rate t

and Phage Production) - Control experiment identical to flight exper-

iment must be performed simultaneously on the ground, with temperature

measured to within 0.5°C.

Experiment 0402 - Effects of Space on Morphology, Growth, and Gas/

Liquid Separations in Microorganisms, Unicellular Organisms and Animal

Tissue Cells - Experiments will be conducted simultaneously on the

ground.

Experiment 0404 - Limb Regeneration and Wound Healing Durimg Weight-

lessness - Earth based control experiment.

Table 4-1 presents the experimental data managememt requirements of the

flight. A general discussion of this table and the data management systems

is contained in Volume 1.

i I I ...... LI i i I I

I
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FLIGHT 219 (RENDEZVOUS WITH FLT. 218) DATA MANAGEMENT

2-8.37

Avg. Daily Data Recording Requirements

Experiment

No.

0100 s

0200 s

0302

0403

0405

O501

14o7

15oi

15o2

15o3

15o4

15o5

O4Ol

• 0402
0404

o4o6

O100
O200sl

1407 s

Recording Time, rain

Data Rate

K-bits/sec

9 (AVG)

6.4 (AVG)

(A)

51.2 K-b/sec

7_

46

(B)
1.6 K-b/sec

14

29

O.1

0.8

1.4

1.6

1.6

1.6

1.6

1.6

9o

45

27

45

33

8

24

8

7

Negligible Recording Requirements

Totals

Remarks

2.7 Exper-Hr/Day

2.7 Exper-Hr/Day

9OMin/Day

45 Min/Day

60 Minx 20 Times

45 Min/Day Monitoring

300 Minx 5 Times

120 Minx 3 Times Real

1150 Mi_/Misslon _ Time
Video

120 Minx 3 Times Trans-

5 Hr/Mission mission
as

As Required re-

quired

Carried on Fit. 218; Performed on Fit. 2]9

255 152

NOTE: All Data Management Equip. carried on Flt 218 and used on both flights.

Avg. Daily Data Transmission Time, min:

• Reqd: A + B/B2 = 260

• Available _ 280

Data Excess (Minutes of Tape) per Day:

Required Minus Available Transmission Time zero min

Data Excess _er Mission (min_ z zero Reels
30 Min/T_pe Reel

Data Tape Return Required%

108 min

8 ib, 0.i cu ft

40 ib, 1 cu ft
30 ib,

" Optimum Avg Daily Transmission Time Required

Voice Tape Return Required (4 packages)

Film Return Required

Data Tape Carried

zero cu ft

........ "111'1 " '



1. FLIGHT MISSION DESCRIPTION

2-9.1

Flight No. 221

I Altitude, n.mi 200 ] [ I [ r -oo i Crew 3 [

Mission Title: ARTIFICIAL GRAVITY lABORATORY

Obj eetives: This flight will permit separation of the CSM and LEM Lab, while

Joined by a cable connection of variable length. The deployed

spacecraft Configuration will be spun at various rates and separa-

tion distances to study the crew's adaptability to different com-

binations of "g" level and angalar velocity.

.C.onfiguration: C (Extended CSM, la_4A/S, D/S), or

D (Modified Block II CSM, LEM A/S, D/S)

•E xperiment Summary-

No.

0100

0200 '

O3Ol
o501

Title

Biomedical

Behavioral

Artifical "g"

Radiation Environment Monitoring

Equipment
• 5ocation

LEM _l_age

Asc Desc, CM

, . -_. _:_ ., .

X

X

X X X

X
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2. EXPERIMENT DESCRIPTION SUMMARY

FLIGHT - 221

EXPERIMENT: 0100-0200 - Medical/Behavioral Experiments - The Medical/Behavioral

Experiments are intended to evaluate the effects of prolonged space flight on man

and to enhance his operation efficiency to permit more extensive manned space

flight missions. Twenty-four experimental measurement packages have been defined

to analyze critical human functions and to focus on those most likely to be affected

adversely by prolonged space flight. Procedures and instrumentation employed in the

experimental packages are a composite of updated, standard medical/behavioral and

imminent state-of-the-art zero-g adapted, techniques. Selected experiments will be

performed during the artificial "g" conditions to assess the astronauts performance

in a rotating environment.

EXPERIMENT: 0301 - Artificial Gravity by Rotation of Entire Station - the objective

0fthis experiment is to determine radius and rotational speed of a system to supply

artifical gravity for convenience and/or maintenance of physical condition in a

spacecraft. Artificial gravity will be simulated in the Apollo command module and

LEM, by separating the vehicles with a cable system and rotating the entire system.

Equipment will be provided to facilitste control of radius and rate of change of

radius or rotation. Levels of artificial gravity, from i/6 "G" to one "G" will be

provided by varying rotational radius and rates. Evaluation of coriolis effects,

vehicle and cable dynamics and biomedical observations will be made.

EXPEPSS_T: 0501 - Radiation Environment Monitoring - The objectives of this ex-

periment'are't_ record radiation received by the crew, and to furnish external

radiation environment data for other experiments. Techniques for the Apollo

Mission, or those employed in Tiros and OGO, will be used. Detection devices pro-

posed for the monitoring systems are: proton-alpha and electron spectrometers,

tissue equivalent ionization chambers, and film packs

.......... I1'1 ,
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3-1 MISSION DEFINITION

EXPERIMENT/SPACECRAFT INTEG :F_TION _,

The main purpose of flight 221. is to evaluateman's performance In a rotating en-;

vlronment. To accomplish this: ebJective' both, the Lab and CSM will be rotated after

being separated b_ a cable system. ,Both vehicles have control systems to prevent

rotation about the'cables and for maintaining attitude ratee.

To achieve a variety of gravity leveis and rotation rates:,"the length of the cabling

system is changed On the average Of once every 4 or 5 days a_ _hown below.

235

110

lO6

45

16

37

25

:12.

0

Test

Durat ton

Days

3

3

3

4

4

4

5

5

4

RFM C_ Lab

....:50.25
• , 3

Gravity Level _ :..,.

3 .12 ;25

6 .43 1.o

6 .19 .50

6 .o8 .25

9 .35 1.0

9 .25 .75

9 .14 .50

9 .o2 .26

During each test mode one astronaut is in the CM, two astronauts are in the Lab. On

9 separate days (between test conditions) the vehicles are docked to one another,

and a crew rotation accomplished. On each of the nine days, an astronaut will per-

form an EVA to bring in LiOH from outside the spacecraft.

_ne last test mode results in a spacecraft configuration wherein the astronaut in

the CM is very close to the center of rotation. The attendant coriolis forces, in

this mode, may result in untenable conditions for this astronaut for the 4 day test

duration. Thus, additional experiment time may be available for re-evaluating

previous test conditions.

.... --- |i11iI! A •
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Since both the Lab and the CSM will be ro_%i_g, only a limited amount of experi-

mentation can be iaccomplished. The Astro_uts will spend the majority of time

experimenting with physiological reactions to the rotational environment. Since

specific artificial "g'! biomedical and behavioral experiments have not been defined

to data, only the time allocated for :performing these experiments is programmed on

the time llne diagrams. This Is shown on Sheet l of Table 3-2. The 0301" repre-

sents the tlme increments available. Total man hours are 1,050 for rotating days.

Total time for biomedical and behavioral experiments are 1,032.5 man-hrs. The

other 17.5 mar_-hrs will be used for experiment 0501. These numbers are based on

lO-hour work! d_ys per m_n throughout the mission, 6 hours, of sleep/day/man and the

remainder dlvided between rest periods, imeals, and personal hygiene.

There _llbe about 258 ibs of tape returned from this flight..The crew

schedules are s_mm_rlZed in Table 3-1 and detailed in Table 3-e. The experiment

equipment mission profile is shown in Table 3-3.
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DAY

D
0000

20
40

OlOO
20
40

0200
29
40

o30o
2O
40

0400

20

05o0
20

4O
O6OO

20

40

0700,
JO
40

o8OO

0'_00

2O

I000

20

i100
/O

!200
cJ
a9

2
!10

] 400

,+0

15oo
20
,%'0

ioOC

.p

: 7'5(
q

,'tO

I t:_O0

20

4a

,©
_5

L 0")0

.0

40
: IOO

.'0
40

2200

20

/4O
DUO0

Table 3-2 CI_W 8CHEDtrLING, FLIGHT 221 , SHEET.A__OF_.2__

CREWMEN ACTIVITIES _ D_Y

LDo i 2 . 3

..... 0000

2O

Set 40
Up O100

2O

Rota- 40

tlng 0200

anlsm

03OO
2O

4O

0400

E/Hyg 20
Rest 40

OSO0
2O

E/HFg 40

o6oo
2O

4O

Rest Rest 0700
2O

40

Sleep 0800
20

E/}lyg 40

0900
2O

4O

O301" iOOO
2O
40

E/---2_Yg iiO020

4O

Rest 0501 0301" 1200

_ 20
Rest 40

13OO
20

4O

O501 .I_00
0301" 20

E/Hyg 40
1500

2O

Sleep 40

16oo
20

40

Rest 17OO
2O

Sleep i! 18_!

'_ ;o

20

4O
' i_ 20OO

_0301" '_ 20

40
R_s_ !! 21oo

:l 20

Rest iR_st !; 40
': 2200

! "°EIHyg E/HFg 0301" _ 23OO
_v

2400

NOTES l;I 0301"- Refer t_ text
Astr, r._ut _2 transfers
CM to LAB

{3)Astronaut #l tI'ansfers

CM to LAB

(_)Astrcnat, t #3 transfers
CM tc LAB

CREWMEN ACTIVITIES DAY

1 2 3 _5,18,=

:_ CREWM_ ACTIVZTZSS

1 2 3

0000 ___ !
2O

E/Hyg 40 LIOH E/Hyg
0100

0301" 0301" 20
40

0200 0301"_

2O

40 (2) (2)

0300 0301"
2O

40

3501 0501 0301" 0400 0_01" 0301"

_/My g 20 E/Hyg
-- Rest h0 Rest

_eSt 0500 _.
2O

E/Hyg 40 E/Hyg
_---,' 06oo

20
4O

Rest Rest 0700 Rest Rest
2O
4O

_leep _ 0800 Sleep

El_yg 1 2040 E/Hyg
O9OO

20 --

40 _.
0301" I000 0301" _ i

2O
_o _'

1100
_ 20 _

4O

-- 0301" 1200 Rest 0501 0301"
rlest E/Hv_ 20 0501 E/HyE

40 Rest
hag&_-- 1300

20

_O

D301* Iaoo 0301"
20

E/Hy g 40 E/Hy g
1500

20

40

__ Sleep 1600 __ Sleep
20

aO

Rest 1700 Rest
2O

40 Sleep

18oo __
Sleep _ 20

ao

0301" 1900 0301"
20

4O

2000 __ 0301"

0301" 20
40

Rest _ 21OO Rest
2O

Rest Rest q.O Rest Rest
2200

E,'Hy_ E_Hy_I ,_ 20 ,40 E/Hyg E/'Hyg
o301" _ 23o00 i o3o1",,_

2400

t'r'o:, Lab t,:, CM while Astrenaut #3 transfers from

from Lab _c OM wi:ile Astronau_ _2 transfers from

fr._m Lab to CM :..nile Astronaut #i transfers from

DAY _ CREWMEN ACTIVITIES

I 0000

20

40 Ecqdyg

Oleo ._._____
20

40 Rest

0200 0_01"

0300 I0301"
20

40 0301"

0400 0301"

20 _
40 Rest

0500 !Rest
2O

40 E/Hyg
0600 o_o_

2O

4O

0700 Rest Rest
20
4O

0800 Sleep
20

40 E/Hyg
O9OO

20

40 0301"
iOO0

2O
4O

iiOO

_o
4O

12OO IR_at

40

13OO_o _
40

I_00

20 0301"
_0 E/'H_'_

15oo
2O

40 Bleep
1600

2O

40

17OO iRest

2O

40 Sh'eP
180o

2o

4o

19OO 10301*
20

4O

2000 __._--..-.3301"
20

4O

2_00 Rest
20

_0 Rest Res,

2200 I

2O

_o ig/RYg IR/Hy_
2300 0301"

40
24OO

E/Hyg Eat _ Personal Hygiene

Limits of Experlment T£::4Limits of EVA
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Table 3-2 CREW SCHEDULING, FLIGHT 221 , SHEET.P_._OF_

DAY _ CR_ ACTIVITIES DAy

o 1 2 3 _5_

O00O ....

20 20

4o (3) (3) E,_yg 40
0100 0100

20 20
40 0301 _ 0301. 40

0200 0220_2o %i_-':
40 4O

O3OO O3OO
2O .... 20
20 40

0400 0400
so !E/Hyg so
40 - ReSt 0301" 40

O5_oO Rest 050020E,/'Hyg 40
_600 0600

20 20
ho aO

0700 Rest Res_ 0700
20 20
40 40

0800 Sleep 0800
2O 20
_o E/_lyg 40

0900 , 09o0
20 20
40 O301" _ _O

IOOO lOOO

20 _ 2o
_0 40

Ii00 Ii00
20 E/_"__/'_/'_/'_/__g 20
20 t10

1200 Re_t "U_ O301" 1200

_0 _ _0
1300 Rest 1300

20 _0
40 40

140020 0301" 14_01
_0 E/_yg

15oo 15oo
20 20

hO Sleep _ 40
_6oo

20 t 16OO20

40 _ aO
_700 Rest _ 17OO

20 _ 204O_0 Sleep
1800

20 -- _ 20
4O _0

19°0 0301" _ 1900

40
2000 _ 0301" 2000

_I 0 20

40 4O
2100 2100

20 l_t " 20

2(_ Rest Rest _02 2200

2300 0301" _ _300
20

_0 _ 40
40 _ 24oo2400 - "

CR_MEN ACTIVITIES DAY _ CREWMEN ACTIVITIES
i 2 3 [] o 1 2 3

0301"

03o1"

E/My_ Rest

Sleep

0000
2O

E/Hyg _ 4001o0
--_ 2O

.,"_00 ]20

03

(_) ,1 o4_

2o

0301. 05_

E/_yg 1 "O
,_ o600

20
• 40

Res_ Rest _ 0700
2O
4O

O8OO
2O
4O

O9OO
2O

0301" 0301" _0
I000

20
40

1100
20

E/_yg E/_lyg E/Hyg 40
Res_ Rest Rest 1200

2O
4O

1300
2O
4O

1400
2O
4O

1500
2O
4O

1600
2O
4O

1700
2O
4O

_800
' 20

4O

1900
2O
4O

2000
20
1.I0

2100
2O
40

2200

,, __4_9
z ...1%,_,

20
40

2400

2-).5

DAY _ CREWMEN ACTIVITIES

_o _ _ _ 3

oooo
2o
_o

OlOO
2o
4o

o2oo_ _o

o3_
2O
40

0400
20
40

o50o
2o
4o

o6oo
2O
ao

i_00
2O
aO

O8OO
2O
40

O9OO
2O
_O

iOOO
2O
4O

llOO
2O
_O

12OO
2O
4O

13OO
2O
_O

ia00
2O
4O

1500
, 2o

ao

l 4o
I _700

2o
4o

1800
2o
4o

1900
2o
4o

20oo
20
no

2100
20
_0

2200

t 20_o

2400

1

- -%;-I -- " I
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3.2 SPACECRAg_ DEFINITION

• light 221 configuration, shown in Figures 3-1 and 3-2, is an artificial gravity

experiment (0301) and only Bi0med (0100) and Behavioral (0200) experiments dealing

with the effects of artificial gravity are performed. The radiation monitoring

experiment (0501) is also carried on this flight.

The desired orientation of the plane of rotation is within the plane of the

orbit. During non-rotation periods the spacecraft will be oriented within a

deadband of ± 5°.

The artlflclal'"g" experiment involves separating the CSM and LEMLab, retaining

physical connection via a cable mechanism and rotating the extended configuration

about a common spin axis. The artificial "g" cable mechanism is a 4 cable

system, using brake-equipped motorized winches mounted to the descent stage. The

mechanism allows for varying the distance between CSM and Lab in accordance with

experiment "g" level and RPM requirements. Setup of the mechanism requires an

astronaut to attach the cables to special fittings on the SM.

A total of nine dif{erent gravity/RPM modes will be tested. For each mode, the

test sequence involves the following:

(i) spin up the docked CSM and Lab to about 1 RPM

(2) separate the vehicles

(3) play out the cables to the desired distance

(4) activate RCS systems in both the CSM and Lab to spin up to the

required RPM or "g" level

(5) maintain gravity condition and stable environment for the test

duration desired

(6) de-spin to about 1 RPM

(7) retract the cables

(8) dock the CSM and Lab

(9) stop the rotation

Gravity levels vary from O.02 to i "g", RPM's vary, 3, 6, 9 RPM, and cable

lengths vary from zero to 235 feet, Figure 3-3.

,
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During each test mode one astronaut is in the OM, two astronauts are in the Lab

and attitude stabilization and control is available in both vehicles. The Lab

carries the L_ flight control and RCS system. To accommodate the Lab RCS pro-

pellant requirements additional RCS tankage is provided on the A/S. RCS pro-

pellant requiFements for the CSM exceed Block II capacity. It is assumed that

SM RCS tankage can be increased to carry 1580 ibs of propellant.

No structural modifications to the L_4 A/S or D/S are required to accommodate

the experiments. All equipment installations involve additions to existing L_4

A/S and D/S structure.

The inboard profile (Fig. 3-2) shows that adequate internal volume is available

to accommodate experiments. All experiment displays and controls are located
r

in the forward cabin or are accessible from forward cabin crew positions.

is stored internally. A seven day supply of LiOH canisters is also stored

internally, and are replaced from external storage during programmed EVA's.

This approach is consistent with that followed for all NASA flight configura-

tions, however, volume could be made available internally to negate the necessity

for EVA' s.

Behavioral (0200) and Biomed (0100) equipment installations are common for all

flights.

The lO0 psi OX interface has been deleted from this flight, the electrical in-

terface is still carried and the Lab still supplies power to the CSM in the "D"

ver s ion.

The difference between "C" and "D" versions of the Lab are the addition of one

Apollo-X 0 2 and H 2 tank, added fuel cell reactants, a fuel cell, and an increase

in FCA radiator area of 14 ft 2. These modifications to a "C"-version Lab ac-

commodate the added power demand of the "D"-version Lab required by taking over

CSM power requirements. The takeover point has been recalculated for this flight

since the CSMmust reserve sufficient oxygen to provide a full 45 day metabolic

req_irement for one manj and must also overcome CM leakage for the entire period.

Only the 02 quantity available in excess of this requirement is thus available for

fuel cell reactant. These considerations result in a takeover point of 14.1 days

for the '_" version. Conversely for both the "C" and '_" versions, the LEMmust

....... ___.. k
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always supply _£ta _o%_ Iffe suppo_ _x_Jgen. ' _ -, _

This flight utilizes an Apollo CSM fuel cell electrical generation system, a

LEMECS to provide independent operation of the LEM during the artificial "g" ex-

periment, selected components to provide data transmission, status and appropriate

displays.

The lab also carries a LEM-type S-band transceiver and signal processor for voice

and data. This approach provides a voice transmission capability for back up of the

hardline communication.

The estimated laboratory weight of the "C" version is 9017 ibs and of the '_"ver-

sion is 10457 Ibs (see tables 3-4 and 3-5).

Basic subsystem characteristics pertinent to this flight are described below:

Vehicle Orientation

AVG Experiment Pwr (Delivered)

Number of Repressurizations

Equipment Cooling

Number of Fuel Cells

Oxygen Tanks

Hydrogen Tanks

Peaking Battery

Fuel Cell Cooling

RCS System

RCS Tankage

Waste Reactants

Water for Thermal Cont. (MAX)

Water Generated

Rotating in Orbital Plane

90 Watts

5

38 ft 2 Radiator

"C" Config "D" Conflg
Takeover Pt =

14. i Days

2 3

1 Apollo X 2 Apollo X

I Apollo X 2 Apollo X

None None

8 ft 2 Radiators 23.2 ft 2

Radiators

St'd LEM Thrustors St'd I24

Thrustors

4 LEM 0x & 4 L_4 4 L_40x & 4

Fuel • LEMFuel

Controllers, FDAI Needles, ATCA, Rate

Gyro's, Panels

13.4 Ibs 12 Ibs

3 ibs 3 ibs

652 ibs 1430 ibs

r_



Waste reactants are needed to acco_aodate the estimated boiloff rates. These

fluids are disposed Of by increasing the power' Output Of the normally operating

fuel cells and energizing either _._dummy load or idle equipment.

_WlWllll Ill. lilly • I_11
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Table 3-4 L_ LAB DETAILED WEIGHT STAT_

FLIGHT 221

COMPONENT
° ,

Weight, lb.

Configuration

C D

Structure ....................... (2220)

• Basic Ascent .................... 802

•Basic Descent ........ -... ......... 750
497Shielding .........................

_ Power Pack Structure . 50

:Experiment Supports ................ 58

RCS Supports 63

s_biii_t_oh and control ............... (43)

Attitude Translation Control Ass'y .......... 27
Rate Gyro/Ass I'Y. ................. 2

Controllers , ................... 14

cre_ Provisions "_ " (282)
Restraints ..................... 35

m_ti_ _o
FOod . ...... e_

.. LiOH-PLSS ....................... 9

Reaction Co_troi System ................ (1566)

."Propellant ' " 1066

propel!ant System .................. 268
Pressurization System ............... ii0

Thruster Ass 'y.................. 122

(2_2o)
8o2
75o
497

5o
58

63

(43)

27
2

14

(282)
35
i0.

•228

9

(1566)
1066

_8
110

122

Controls and Displays ................. (72) (72)

Environmental Control ................. (910)

,, AtmosphereRevitalization System .......... 80
02 Supply and Cabin Pressurization .... ..... 34
WaterMamagement ........ . .......... 36

Heat Transport, Cold Plates, Coolant ........ 105
LiOH-ECS . ..................... 498

Water ...................... 40

Radiators ..................... 114

Thermal Control .................. 3

(938)
80
34
36

lO5
4_
4o
142

3
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Tabl 9 3-I_ LEM LAB DI_AII_..WEXC-_ STATEMENT (C_t'd.)-

_,L!9_r _z_

Instrumentation ........................

Signal 'Conditioner ...............

PCM and Timing Elec. Ass 'y..............

" Data Storage, ._ . . . _. ... ....... " ......

Experiment Selector .............. •

Data Tapes 1 " " " _ .... ......... " ....
Spare Voice Recorders ...............

Weight, lb.

C onfigurat ion-.

C D

(381) (381)
45 45

39 39
25 25

6 6
_o _o

6 6

Electric! ,Power., Supply. :.,. ...... ...... (2665) (4077)
Fuel Cell Ass 'ys .................. • 492 738

P_ctants and ECS Oxygen ..............
Reactant Tankage ..................

plumbing . ,.. • ..... - • • •

Inverters ...................

Wirlng_ lllstribution and Umbilical .........

Communications ."..................

Television .... ..... ,...........
Audio Center ...................

Voice Recorder ....................

VHF/UHF Communications .............

Experiment ............. '......

Spares ...... . ...................

1189 3883
424 848

40. 60

75 75
445 475

(99) (99)
24 24

6 6
2 2

67 67

(719) I (7Z9)

(60) (60)

Total Laboratory .................. 9017 lO,457

|_|IIil I|I_| I L



.... Snml lii-- "--I " -

Table 3-5 I_WI_RATED SPACECRAFT WEIGHT STATEMENT

FLIGHT 221

k -

Command Module Basic Weight

L_..y_tL'_ _Odul:eI Baei-c .Weight

• - i .- r " .

La'boratory :.WeSt ......................

Basic Laboratory Structure ..... ". .... '...

Experiment Support Systems .............

Expendables . p " _ " I " " _ ..... O" ......

CSM Experiment Dependent Weight§ ............

RCS Propellant ...................

RCS Prop. Tanks ...............

Weight, lb.

Configuration

C D

lO,PS7) (10,287}

(1,349) (i,.191)

(9,017 ) (lO, 457 )

2,e_O) 2,220

719 , 719

3,048 3,796

3,030,_ .3,722

i, 580 i, 580

378

Total Laboratory and Experiment ............ (_O,507) (12,325)

Allowable Lab. and Exper. Weight ............ 9,555 12,032

Total Orbiting Weight ...............

Service Module Propellant (Ascent) ...........

SLAAdapter .....................

33,622 32,963

1,410 1,410

3,505 3,505

Launch Vehicle Payload ................. 38,537 .37,878
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. FLIGHT OPERATIGNAL SUPPORT: FLIGHT NO. 221

Experlmemt 0100 & 0200 - Medicine and Behavioral - Periodic daily data

tramsmissio_ and ground monitoring of safety parameter data.

E_periment O501 . R_diation Environment Monitoring - External particle

flux measurements during a solar flare event are to be correl_ted with

the solar activity observations made on earth stationed observatories

and other satellites.

Table 4-1 presents the experimental data management requirements of the

flight. A general discussion of this table and the data management system is

contained i5 volume 1.

. ......... •
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TABLE 4-1. FLIGHT 221 DATA MANAGEMENT

Avg. Daily Data Recording Requirements

Experiment Recording Time, min

Data Rate - (A) (B)

No. K-blts/sec 51.2 K-b/sec 1.6 K-b/sec

Remarks

0100 's

02OO's

0501

o3oi

9 (AVG)

6.4 (AVG)

0.8

274

9O

Monitored Continuously

Status Data Monitoring

45

as status data

and Recording may

9.7 Exper-Hr/Day

5.1 Exper-Hr/Day

45 _an/_y

be required in Lab.

Totals 36_ 45

Avg. Daily Data Transmission Time, min

• Reqd: A + B/32 = 366 min

• Available = 280 min

Data Excess (Minutes ofT ape) per Day:

Required Minus Available Transmission Time

Data Tape Return Required;

86 min

1258 ib
DataBoEXCeSSmin/TapePerReelMissi°n(min) =129 Reels |12.9 cuft

Optimum Avg Daily Transmission Time Required

Voice Tape Return Required (4 packages)

Film Return Required

Data Tape Carried

89 min

8 ib,

zero lb,

260 lbs

O.1 cu ft

zero cuft

li • li .

IWVIll l L/I[:ll • .f-ram



1.' FLIGHT MISSION DESCRIPTION

2-10.1

Flight No. 516

I Altitude, n.mi19,350 I Inclination,deg O I Duration, days 45 Crew 3

Mission Title: ASTRONOMY AND BIOSCIENCE LABORATORY I

Objectives; This flight will perform astronomical observations in the X-ray, visual,

and infra-red portions of the spectrum from synchronous orbit. It will

observe the time correlationbetween solar corona behavior and earth

aurora. Space operational capabilities will be evaluated by deployment

Of a small maneuverable satellite, a solar-sall balloon, and erection of

a radio astronomy antenna. • In addition, pertinent genetic experiments

will be conducted on living micro-organisms.

Configuration: C (Extended CSM, L_4 A/S, D/S), or

D (Modified Block II CSM, _ A/S, D/S)

Experiment Summary:

No.
Equipment

Title Location

0100

,0200

0401

04O2

0406

o5oi

o7oi

0702

0703

0705B
OBOl

i001 _

13o3

1304

Biomedical (excluding 0101 and 0102)

Behavioral

Microbial Genetics and Growth

Development Biology

Space Borne Micro-organisms
Radiation Environment Monitoring

Emission Line Radiometry

Intermediate - Size Reflecting Telescope

Manned. Coronagraph

Radio Astrofiomy

Conjugate Aurora

ManeUverable Sub-satellite

Extendable Rod Performance Tests

Solar Sail

LEM Stage

-- - ..... "ITI a • ,-
[7 ........
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2. EXPERIMEh_T DESCRIPTION SUMMARY

;tiGHT- 516

EXPERIM_: O100-0200 - Medical/Behavioral Experiments - The objective of the Med-

ical/Behavioral Experiments is to evaluate the effects of prolonged space flight on

man and to enhance his operation_l efficiency to permit more extensive manned space

flight missions. Twenty-four experimental measurement packages have been defined

to analyze critical human functions and to focus on those most likely to be affected

adve_s.ely by prolonged space flight; Procedures and instrumentation employed in the
experimental packages are s_ composite of updated, standard medlcal/behavioral _and

imminent state-of-the-art zero-g adapted, techniques. These procedures should pro-

vide: _I} _ a_essmen1_ the effects of prolonged weightlessness on the psycho-

physiolQgical InteEn-it7 of the astronaut, 2) a determination of thel mechsmisms
which mediate observed changes, 3) a prediction of the onset _nd extent of degraded

f_nctioning, and _4)a vali_tion of preventive or countermeasures which may be

necessary to support maO's extended exploration of space.

NOTE

Experiments OlOland 0102 require linear and/or rotational

accelerations, such as would be obtained during a firing of

the SM engine or during the artificial gravity experiment,

in order to achieve all of the described experiment objectives.

These experiments have been excluded from missions which lack
sufficient SM propulsion and/or the artificial gravity ex-

periment.

EXPERIMENT: 0401 G_netic Effects in Microorganisms (DNA Recombination, Mutatfon _

Rate, and Phage Production - This experiment is an investigation in the funda-
mental mechanism of reproduction. The objectives are: todetermine effects of the

zero gravity condition on replication and recombination of DNA in microorganisms,

and, to test the hypothesis that synergistic effects •on mutation rates and phage
production in microbial cells may occur due to prolonged weightlessness in com-

bination with other space environmental factors, particularly radiation. This ex-

periment involves the transfer of microorganisms into tubes of suitable uul£ure

media, infection of the cultures With lysongenic phage strains,•halting the infec-

tion at timed intervals, and observing•results in the space laboratory. Additional

examinations will be made on return to the Earth laboratory.

EXPERIMENT: 0402- Effects of Space Flight on Morphology, Growth, and Ga_/Liquid

Separation in Microorganisms t Unicellular 0rganisms_ and Animal Tissue cells - The
objective of this experiment is to determine the effects of weightlessnesS, inde-

pendently and in combination with other space flight environmental conditions, on
growth rates and morphology of unicellular organisms and tissue cells. Changes

observed will provide information of such effects applicable to animals and man at

the cellular level of body tissues that can be related to the results of biomedical

and behavioral investigations. One part of this experiment involves the incubation

of microorganisms (E. coli) in a suitable liquid culture medium and measuring their

rate of multiplication by means of a spectrophotometric record of increase in

density. A second part of the experiment is the investigation of a hypothesis that



gaseous metabollcproducts of a non-motile organism remain as as envelope surround-

ing the cell in gulescent •aqueous solutions and could thereby interfere wlthnormal

metabolism of the•cells, A third part of the experiment involves the growth and

observation of paramecia and of HeLacells to detect possible changes in growth

rates:an_ specific metabolic effects. The paramecia and the HeLa cells_would be

introduced into their separate appropriate liquid-nutrient media by the astronaut.

Their gro_thrate wouldbe studied, uslng a continuous culture process in which

the aerated nutrient solution wlill be circulated. The nutrient_solution•willbe

pumped in and theeffluent removed at the same constant rate. At selecteddaily

•intervals , sample s from the effluent would befrozen and returned to Earth for

measurement of growth rate, analysis of enzyme changes, and determination of

morphological changes.•

. . :. , .

_XPERIMENT: 0506 - Soft Capt.ure, Enumeration I •and Identification of Space-B0rne

Microorganisms-•The object of thisexperiment is to test and perfect :techniques

for the capture of microorganisms in space, in order to permi_their enumeration

amd _%_=_i_IOn. ......Th_.feami_ility of employing various sampling technlqaes m_

-_eady°deveX_pt_ and tmder development will be evaluated. The yield attained by-the

collection techniques will be analyzed with respect to Sypes of organisms and

viability of !ire forms. It is hypothesized that mlcroorganisms c_n occur _n near

space either as free cells or as adherents to solid particles. Techniques to be

assessed include screens covered with hylax, as used earlier in satellites and

yery-hlgh-altitude aircraft, and •simple infraction methods involving the use of,

!silicongreasesand Other materials as infraction surfaces. Provisions for_pro-

tectlon of collectedsamples from contamination by terrestrial organisms will 6e_

eva!t_tedt Coll_cted material will be assayed chemically for proteinnucleic

acids , or other siEnific_nt compounds after the samples have been returned to the

Earth. • • _ •.

EXPERIMENT: 0501 - Radiation Environment Monitoring - The objective of the experi-

ment is to record radiation received by the crew, and to furnish external radiation

e_ironment data for other experiments, Techniques for the Apollo Mission, or'those

employed in Tiros and0GO, will be used. Detection devices proposed for the moni-

toring systems are: proton-alpha and electron specrometers, tissue equivalent.

ionization _hambers, and film packs.

.E_FERIME_: •-070!.- Emission Line Radiometry - The objective of the experiment is

to determine the distribution patterns and densities of interstellar gas. A

_radiometer, basically a Michelson interferometer, •operating in the IR region.,and _

_recording the photoelectric signal output on magnetic tape will be used for this

expe.riment. • : _ _.

E_ERIMENT: .]07_. - Imtermediate Size Telescope for High Resolution. Photography.,

and Photometry in Astronomy - The objective of the experiment is to:perfor_ high

resolution photography in visual and UV and perform associated calibration, '_

photometr _. "The telescop e will have a _0" diameter reflecting mirror _quipRed

at She Cassegrain focus for a UV field camera, automatic plate camera, photometer

and slitless spectrograph.



EXPERIMEI_f:_ 0_703- Manned Coronagraph - The objective of the experiment is to ex-
amlne'/the is_truct_,eand _henome"na 'of solar corona _above 2° from the sun's limb, _ :_

with '_esign provision for extension to i_ fr0m limb for correlatlon _ivith da_a ob-

tained from Coronascope II. The equipment will consist of an Evans coronagr,aph

utiiiz_ing an external pcculting disk to block the bright light of:the' 'shn's disk_

th_r_ebY permitting the Lyot.telescope behind it to ldetect features in the adjacent
area of the _sky as roach'as I00 million 'times fainter than the Sun, By insertion

of selected filters and polarizing elements into the optical path, it is possible

to make both spectral and plane polarization investigations of the outer corona in
addition to the white light observations of intensity and structure.

EXPERIMENT: 0705B - Radio Astronom_ 1-5 mcps ra.n6eI usin_ simple tunable "V"

antenna - The object of this experiment is to obtain a mapping of the galatic noise

in the I to 5 mcps range; to determine the location and magnitude of these noise

sources; and, to determine the relationship of signal strength and frequency. The

equipment to perform the experiment will consist of a five channel receiving sys-

tem a_clA_o_ '!V"a_tenne. The antenna will use two insulated and gimballed

STEM devlc_e, _hlch mre also used in experiment 1303. The anEenna beamwidth, posi-

tion and tuning is to be controlled by the angle separating the antennas, the angle

of the "V" relative to the vehicle, and the length of the two extendible rods

respectively.

EXPERIMENT: O801 - Conjugate Aurora and Airglow - The objective of the experiment

is to investigate the detailed nature of the conjugate auroral formsj structures

and geometries in both the Arctic and Antarctic auroral regions with a view toward

defining the causality factors and the extent of congruity. Observation and re-

cording of both aurorae from a single, orbiting platform at several Earth radii

will provide simultaneous measurement of auroral form, structure, spectral intensity,

and location of the conjugate phenomena.

EXPERIMENT: i001 - Small Maneuverable Satellite (SMS) - The objective of this ex-

periment is to provide a unique capability to perform a wide range of experiments,

such as: occulting body, two satellites of accurately known separation, spatial

survey of Apollo system, access to radiation belts, and the deployment and tuning

of large radio antennas. The key technique will be to provide a small satellite

which contains propulsion and can be observed, controlled and located with respect

to the Apollo system by the astronaut.

EXPERIMENT: ISOS - Extendible Rod Performance Tests - The objective of the experi-
ment is _o obtain data, i.e., characteristics and performance of extendible members

(rods or fine wires), during payout and deployment, and while subjected to gradient

gravity forces and solar perturbations. Stiff rods, such as the "STEM" device s

will be packaged for deployment while attached to the spacecraft, following which
they will be monitored and observed. This will be accomplished under various

spacecraft orientations. Malfunctioning will be diagnosed following the system's

retrieval. These rods will also serve as the "V" antenna on Experiment 705B,

Radio Astronomy.

---wnrvm_T_._,_._,_._o_o_h. _eration of Solaa_ Sailln_ Passive Communications Satellite -

The objective of the experiment is to confirm and evaluate a technique for control

of a sate!lite's orbital period (kinetic energy control) by utilization of radia-

tion forces ou large surface areas. A 50 ft. diameter spherical mylar balloon is

to be deployed from, and tethered to, the spacecraft. Half of the balloon is to

_7wm
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be covered with a low reflectivity, high emissivity coating; the other half is to

have opposite attributes. The balloon will also carry a command receiver, power

supply and orthogonal coils to produce a magnetic field vector, which can be

commanded to accomplish orientation with respect to the sun. Resulting relative

motions between balloon and spacecraft will be compared with predicted values to

refine desigp, data relating force with material surface properties.

......... ii
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3.1 M SSI 

Flight 516 is programme d prlms/ily for Series 0700 astronomical experiments. These

experiments I_Iii Ob%ai_ __pectral and photometric data from various regions of

interest throughout the celestial sphere. These regions of interest are either

discrete stellar sources or diffuse patterns of interstellar media. This flight

also inclu_as earth-pointlngexperiments for conjugate aurora observations.

Sec_n_--y e_er_me_ts,-"c_r-ied on this flight, include observations of living

organisms exposed to the space environment, a deployable maneuverable satellite,

an extendable rod antenna for radio astronomy measurements, and a deployable

passive communiJc&_ions .satellite in the form of a solar sail. The _secondary ex-

periments are programmed such that any conflict with the pointing requirements of

the primary astrOngmlcal experiments is minimized.

A crew schedule _time _line _has_been prepared for this flight (see Table 3-2). "

The duration/frequency requirements of each of the individual experiments

was reviewed for commonalltles, and work/sleep/eat cycles arranged so that the

"flight schedule is composed of a minimum number of "typical day" groups. Five

typical dailY routines have been evolved. One day is allowed to set-up of the

various experiments, where such procedures are required. Wherever possible, ex-

periment compatibility has been sought in order to avoid conflict, e.g., during a

prolonged astonomical experiment requiring a high degree of precision, the space-

craft and occupants should be able to maintain a "quiet" condition.

In addition to EVA's for replenishing Li0H, EVA's are necessary for retrieval of

the microorganism specimens (Experiment 0_06), and "redocking" of the small

maneuverable satellite (Experiment lOO1). Where possible, concurrent EVA's have

been scheduled. EVA man-hour requirements are:
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_h_'s

Occurrences

LIOH I001 0_06 EVA

Replen. Support

6.5 ll l L_.5

6x 5x ix* -

Total EVAm - Ii

Total Time Assoc. with EVA (including support):

*In common with a I001 EVA.

31 Man-Hours

The crew schedule is summarized in Table 3-i and detailed in Table 3-2.

analysis of the crew schedule shows that:

An

• Experiment time requirements have been satisfied.

• Reasonable work/eat/sleep duty cycles, with an equitable distribu-

tion of activities apportioned among the three astronauts, has been

evolved.

• " Astronomical assignments have been slanted toward Astronaut No. l,

biological toward Astronaut No. 2, and biomedical toward Astronaut

No. 3.

Table 3-3 shows the experiment mission profile.

mission are as follows:

Inertial Orientation

Earth Orientation

Number of Reorientations -

Orientation requirements for the

368 hours

68 hours

22O
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Tabi_ 3-2 CREWSCHEDULI_IG, FIAGHT 516, SHEET 10F_ 2-1J,±4

DAY _ CREWMEN ACTIVITIES
•__L__ _

2 3

O0002040 _0

010090 E/Hyg 012000

40 40

0200 0702 _ 0200
2Q Set-up -- 20

-"O 40

o3oo O3OO
2O 20

40 40

0400 0_00

2o _ 0702 20
4o Rest Set-up _0

oS,oc - R_,_ ..... o5o6
20 20
40 E/Hyg 40

0600 o6oo

20 20
40 40

0700 Rest Rest 0700

20 20
40 _ 40

o800 _ o800

20 Sleep _ 20
kO _• 40

0900 E/Hyg _ 0900
}0 _ 20

100o 31o0 _ 40
io0o

20 0200 20
40 40

llO0 ii00

_o iE/Hyg O100 20
40 _ 0702 0200 40

1200 [Rest 1200

20 E/_yg 20

40 40

13OO Rest 13OO
20 2O

4O 4O

1400 0703 14OO

20 Set-u_ _ "20
40 !E/Hyg 40

1500 _ 15002 20

40 Sleep _O
160o 1600

2O 20

_0 4O

17oo EpHyg 17oo
20 20
40 Sleep 40

18oo 1800
20 _ 20
40 0701 _ 40

1900 Set-upi 19OO
PO I 20
ao E/Hyg _O

2000 - 4 2000
20 0703 20
40 40.

2100 Rest 2100
20 20
40 Rest

2200 2200
20 20

3_ gO

2' 2O E/Hyg IE/Hyg 05Ol 232O?

"°2,,;g t 2_,oa

2 31 3 )
0000

0701 20
40

E/Hyg 010o iOO1 IOO1 E/Hyg
0100 20

0200 40 ( Omit (Omit

0200 cn on
PO 34th 34th

40 day) day)

08Ol 0300
2o

0100 40 _ --_ _0
0200 04

Rest 20 _ I001 _ oaoo
OO

2O

40 E/HFg .... _O
E/Hyg _/._g o50o i001 050o

Rest 20 Rest :EVK EVA 20

060040 --!SuPp°___E-i 060040

0702 _ 20 20
• 40 ,E/_yg _0

Rest ! 0700 -- Rest 0700
20 20
40 !Rest _0

o8oo o800

Sleep 20 20

40 Sleep _ 40

E/Hyg 0900 01oo E/_yg _ 0900
20 0200 _ 20

0"02 _ 40 1 "0
• IOOO _ 1000
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3.2 SPACECRAFT DEFINITION

Flight 516, shown in Figures 3-1 and 3-2, carries Astronomy (0701, 2, 3, 5B),

Bioscience (OlO0 mad 0200), Space Structures (1303, _), Conjugate Aurora (0801),

M_neuverable Sub-satellite (i001), and Living Organisms (0401, 2, 6) experi-

ments. Nominal spacecraft attitude is inertially oriented. Attitude is held

within a deadband of +5 ° except during experiment periods having specific point-

ing and stability requirements. Experiment pointing and stability requirements

exceeding CSM capability (n_nlv.v_,2, 3, _, 0801) are accommodated by installing

the experiment telescopes on glmballed mounts and providing fine guidance and

control systems within the telescopes. Spacecraft pointing and stability require-

ments are acccm_modated by the CSM up to the propellant capadlty of both the '*C"

and "D" versions For the "D" version a LEM RCS System is added to the Lab to

supplement the propellant capacity of the CSM.

The astronomy experiments are all aligned parallel to the longitudinal axis of the

spacecraft and are controlled from an astronomers console on the right side of the

forward cabin. Access to the telescope and coronagraph is provided from inslde the

lab for readily changing cameras, magazines and spectrographs. A common T.V. view-

finder and star trackers provide inputs for orientation and control. Spacecraft

pointing accuracy for these experiments is +-1/2°. The telescopes, coronagraph,

and conjugate aurora experiments are gimballed and incorporate fine error sensors

to meet individual requirements.

As shown on the inboard profile, Figure 3-2, adequate storage and work space is

available for all experiments. A control console on the left side of the forward

cabin is used for the space structures, conjugate aurora, and subsatellite experi-

ments. All food for the mission is stored internally. A seven day supply of LiOH

is stored internally and is replaced from external storage, during scheduled EVA's.

The space s_cructures technology, conjugate aurora, and maneuverable subsatellite

experiments are mounted on the descent stage. A gimballed mount is provided on.

the D/S for the extendable rod antenna of the radio astronomy experiment. Pointing

is controlled from the as_ronom_"_ console, mr_L_=............__ SU_o+o_+_ _

checked out, launched from, and recovered by its launch package, mounted on the

D/S. The subsatellite is refueled and its film retrieved during an EVA.

m._
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Supporting eiectronicsand spares for experiments a_ecarbied in the aft equipment

bay of the A/S.
! .. !., _ ..

Structural modffi&atfbns to the L2_4 A/S are limited to incorporation of an air

lock below the fl6or':panel in the forward cabin 'to a6c_ate the coronagraph.

The telescope air lock is designed to mount In the _xistlng ' 'ascent engine hatch.

The.D/S str_ct%@_'must be'reworked to accommodate the coronagraph. Supports for

all other items"can be added without modificatibn. '•

.2- 0.26 i

In addition to the standard CSM/LEM interface, this flight requires additional wlr-

lug to accommodate the pointing requirements of the experiments. Interface wiring

i_cludes earth tra2keramd s_ar tracker inputs to maintain attitude hold, and command

data for the lab flight controller for manual cohtrol of spacecraft slewing operations.

The difference in power supply between "C" and "D" versions of the lab are the

addition of one.APollo-X 02 and one Apollo-X H2 tank, fuel cell reac%ants and the

addition of one FCA. Also, the FCA radiator is increased by 20 sq ft. on the "D"

version. These modifications to a "C"-versi0u Lab accon_nodate :the added _ower

demand of the "D"-version required by taking over spacecraft power'reclulremmr_s: "

after (nominally) 14 days. ' . ,, _ " ....'."'"'._._:

This flight utilizes an Apollo CS4 fuel cell electrical generation system, a LEM

ECS to provide suit circuit operation in the lab during EVA and selected components

to provide data transmission, status and •appropriate displays. . ,

The large number of rotational maneuvers required by experiments O801 and 0701,

0702 and 0703 together With gravity• gradient disturbance torques create large

R.C.S. propellant requirements. Four sets of LEM RCS tanks, are carried on the "D"

version.

The estimated laboratory weight of the "C" version is 13,698 ibs and of the "D"

version is 17,225 ibs. (see tables 3-4 and B-5).
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Basic subsystem cha_acteristlcspertinent co this flight.ar_, described below:

Vehicle Orientation

Stabilization Reqm'nts

Avg Experiment Pwr (Delivered)

Number of Repressurizations

Equipment Cooling

Number of Fuel,Cells

Oxygen Tanks

Hydrogen Tanks

Peakir_. BatterY

Fuel Cell Coolin@

Rcs System

RCS Tankage

S & C System

Waste Reactants

Water for Thermal Con (Max)

Water Generated

Inertial Pointing

±.5 ° 560 HR; ±5 °

535 Watts (includes 200H

0701 Sensor Cooler)

ll

40 Ft 2 Radiator

C Config

.2

1 ApolloUX

1 Apollo-X

None

.16 "
None

None ,._

Sensors, Con-

tr01 r,
Needles

e2 lb

o

9_0 ib

520_H_

for Exper

D Config :

TakeoVer PT = 13.25

days

3

Apollo-X

2 Apollo-X

None ._

36 Ft 2 '

StdL_4Thr_Stors

StdLEMTemks

Sensors , Controller,

ATCA, Gyros, FDAI

Needles

0 J

0

1793 lb

Waste reactants are needed to accommodate the estimated boiloff rates. These

fluids are disposed of by increasing the power output of the nor_&.l.3r operating

fuelcells and energizing either ,a du_ load or Idle equipment.

5 •
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TABLE 3-4 LEM LAB DETAII_ WEIGHT STATEMENT

Flight 516

Component

Weight, Ibs

Configuration

C D •

" Structure . .......................

Basic Ascent .....................

Basic Descent .....................

Shielding "S;r c; e..................Power Pack ............ , ....

Experiment Supports . . . . ......... • ....

RCS Supports

Stabilization and Control ..............
Attitude Transition Control A_s_y ...... • ....

Rate Gyro Ass'y ....................

Controllers • ' i............Star, Trackers Electronics .......... • •
Earth Tracker •• • • • • • • • • • • • • • • • • • .o ID •

Crew Provision_ ....

Restraints ......................

•Lighting .......................

Food . , . . . • • • • • • • • • • • • • • • • •
LiOH P;S;i ....

Reaction CoDtrol System .................

Fr opellant ......................

Propellant System ...................

Pressurization SMstem .......... .......

Thruster Ass'y ....................

Controls and Displays ..................

Environmental Control ..................

Atmosphere Revitalization System ...........

02 Supply and Cabin Pressurization ..........
Water Management ....................

Heat Transport, Cold Plates, Coolant .........
Li0H - ECS ......................

Water .........................

Hadla%ors . . . . . . . ....... • ..... , •

Thermal Control ............ _........

(2588) (2671)
802 8O2

750 750

5oi 521
5o 5o
485 h85

63

(205) (205)
27 27
2 •" 2

14 14

12.6 126

36 36

(309) (309)
35 35
i0 I0
228 228
36 36

(1195)
695
268
Ii0

122

(6o6) (6o6)

(950) (lO02)
8o 8o
34 34
36 36
io5 lO5
382 382
40 40
11_ 164
161 161

....... _ ITI a • _
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. , . .

TABLE 3-4 LEM LAB DETAILED WEIGHT STATEMENT (Con't)

Flight 516

Component

Instrumentation "

signal Conditioner ..................
PCM and Timing Elec. Ass'y ' • • • • • •

Data Storage ....................

Experiment Selector

Data .Tapes ......................

Spare Voice Recorders ................

Electrical Power Supply ..................

Fuel Cell Ass'ys ................ • • •

Reactants and ECS Oxygen ..... ...........

Reactant Tankage ...................

Plumbing .....................
Inverters . ..............
Wiring, Distributlon "a_ "_billcal ....

Communications ....................

Television ....................

Audio Center ............. • • • • • • •
Voice Recorder ...................

Weight, lb_
Configuration

C D

(z}l) (151)
• 45 45
39 39
25 . 25
,6 6
30 .. Bo
6 6

(2735,) (4896)

492 738

Lto4 2545

riO 60'

75 75
6o0 63o

(32) (32)
24 24

6 6
2 2

Experiment ....................... (6062) (6062)

Spares (60) (96)

Total Laboratory ........ ............ 13,698 17,225
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TABLE 3-5 INTEGRATED SPACECRAFT WEIGHT STATEMENT

Flight 516

Component

Co_a ModuZe_st_ wei_t _. • • , • , • • • • • • • •

Service Module Basic Weight .............

CSM Retro Propellant" • • , • -6 • • • , • , , • Q s ,

Laboratory .....Wei_ ' "

Basic Laboratory ....... • ............ .... •

Experiments .....................

Experiment Suppo_ Systems ............

Expendables ....................

We ight, ibs

Configuration

c :"D

(1o,287) (10,287)
(_2,53_) (9,198)
(21,5oo) (17,5oo)

(13,698): (17,225)

• 2,588, : 2,671

6,062 6,062

3,223 4,524

1,790 3,926

CSM Experiment Dependent Weights . " . . . . . _ ......

RCS .......Propel'lanti). • ." '" .I, 250 ' •'688

Totai LabOfatDry and Experiment ............

All_wablz _ Lab and Exper. Weight ............

oral 'We . . . . . , . .... ........

Service Module Propellant (Ascent_ ..... " . . . .

SLA Adapte]: . . . . ...... . . . ..... . . . . . .

Launch Vehlcle Payload .................

(14,948) (17,913)
12,932 20,265

59,266 , '54,898

"21,200 21,200

3_505 3,5o5

83,971 79,603

. .° " . " , ',

.,_ • .
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4. FLIGHT OPERATIONAL SUPPORT: FLIGHT NO. 516

.... Y_xperimemt 0100 &O200 - Medicime and Behavioral - Periodic daily data

transmlssio_ a_d ground monitorin@ of safety parameter data.

Experiment O_O1 Genetic Effects in Microorganisms (DNA Mutatlon Rate,

amd Phage PrOduction) - Control experiment identical to flight exper-

imemt must be performed simultaneously On the ground, with temperature

measured to Within 0.5°C.

Experiment 0402 - Effects of Space on Morphology, Gzc_th, and Gas/

Liquid Separation in Microorganisms, Unicellular Orgamisims and Animal

TiUsue Cells - Experiments will be conducted simultaneously on the
• I

ground.

Experiment 0501 - Radiation Environment Monitoring - External particle

• a sol=  ventare to be c re ted with
the _olar activity observations made on earth stationed observatories

and other satellites.

Experiment 0703 -Manned Coronagraph - Simultaneous measurement of the

total solar energy profile at the time of coronal observation.

Correlation of data collected at earth stations, OSO •and AOSO satel-

lites and the manned coronagraph.

Experimemt 0801 - ConJu6ate Aurora and Airglow - Coordinated auroral
./

observations from ground stations. Particle and geomagnetic measure-

ments _fr6m satellites and ground stations.

Table _-i pre_ents the experimental data management requirements of the

_-_ ^ ...... i _4o,.._-I,-_ n'P ¢h4q table and the data management

system is ccmtained in Volume 1.
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TABLE 4-I. FLIGHT 516 DATA MANAGEMENT

Avg. Daily Data Recording Requirements

Experiment

NO.

0100 s

0200 s

o5o1

O701

0801

lOO1

13o3

o_oi

0702

0703

13o_ '
#

o7o5B

D_taRate

K-bits/sec

9 (AVG)

6.4(AVG)
0.8

Analog

1.2

1.6

Recording Time, rain

(A)
51.2 K-b/sec

(B)
1.6 K-b/sec

45

96

76

o.3

74

46

8O

Negligible Recording Requirements

12

Req. 3 days continuous transmission.
must be recorded during this period

Remarks

2.7 Exper-Hr/Day

2.7 Exper-Hr/Day

45 Min/Day Monitoring

60 Min x 60 Times

3 Hr x 24 Times

5.5 Hr x 6 Times +
6 Hr x 4 Times

1.5 Hr x 6 Times

Dat from other exper.

Totals 2OO 229

Avg. Daily Data Transmission Time, min

• Reqd: A + B = 429 min.

NOTE: If low bit rate data is recorded and dumped at the higher rate,
the transmission time can be decreased to 208 min.

• Available - Continuous

Data TapeReturn Required

Voice Tape Return Required (4 packages)

Film Return Required

Data Tape Carried

zero ib, zero cuft

8 lb, O.1 cuft

149 lb, 3.7 cuft

30 lbs



I. FLIGHT MISSION DESCRIPTION Flight No. _I_

I Altitude, n.mi 200 [ Inclination,deg -83 1 [Duration, days !.5 ] Crew 3 ]

Mission Title: REMOTE SENSING OF THE EARTH'S SURFACE AND ATMQSFFFERE

Objectives: This flight will use multl-spectral sensors on a global basis, for

iSxrther verification of earth sensing techniques usin_ grou_d-t_ith

sltes_ collection of scientifically and commercially useful _ata ol

umcharted reglons) and further development of advanced space

meteorological equipment. A large solar cell array will supply a

portion of the power requirements, and will be evaluated for perform-

ance, ease of man-aided deployment, aerodynamic and inertial unhalane,

and center-of-mass shift effect on the spacecraft.

Configuration: C (Extended CSM, L_4 A/S, D/S), or
D (Modified Block II CSM, LFM A/S, D/S)

Experiment Summary:

No. Title

OlO0

O2OO

05Ol
0802A

0802B
0802C

O8O29

O9Ol
09o2
0903
Z4o5

Biomedical (excluding 0101 and 0102)

Behavioral

Radiation Environment Monitoring

High Resolution IR Radiometer

Test of IR Scanning Spectrometer

Test_ Calibration and Evaluation of a Microwave

Spectrometer

Test-of Prototype Star Tracker

Multlspectral Target Characteristics

Synoptic Earth Mapping

Multi-Frequency Radar Imagery

Large Solar Cell Array

J

Equipment
Location

LEM Stage M]Asc Desc C

X

x

x

x

×

x

×

X x

X X

/

I

I
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2. EXPERIMENT DESCRIPTION SUMMARY

FLIGHT - 518

EXPERIMENT: 0100-0200 - Medical/Behavioral Experiments - The Medical/Behavioral

Experiments are intended to evaluate the effects of prolonged space flight on man

and to enhance his operational efficiency to permit more extensive manned space

flight missions. Twenty-four experimental measurement packages have been defined

to analyze critical human functions and to focus on those most likely to be affected

adversely by prolonged space flight. Procedures and instrumentation employed in

the experimental packages are a composite of updated, standard medical/behavioral

and imminent state-of-the-art zero-g adapted, techniques. These procedures should

provide: l) an assessment of the effects of prolonged weightlessness on the psycho-

physiological integrity of the astronaut, 2) a determination of the mechanisms which

mediate observed changes, 3) a prediction of the onset and extent of degraded func-

tioning, and 4) a validation of preventive or countermeasures which may be necessary

to support man's extended exploration of space.

NOTE

Experiments 0101 and 0102 require linear and/or rotational ac-

celerations, such as would be obtained during a firing of the

SM engine or during the artificial gravity experiment, in order

to achieve all of the described experiment objectives. These

experiments have been excluded from missions which lack suf-

ficient SM propulsion and/or the artifical gravity experiment.

EXPERIMENt: O501 - Radiation Environment Monitorin 6 - The objectives of this ex-

periment are to record radiation received by the crew, and to furnish external

radiation enviro_nent data for other experiments. Techniques for the Apollo

Mission, or those employed in Tiros and OGO, will be used. Detection devices pro-

posed for the monitoring systems are: proton-alpha and electron spectrometers,

tissue equivalent ionization chambers, and film packs.

EXPERIMENT: O802A - Operation of Hi6h-Resolution Infrared Radiometer (HRIR)

Detectors Experiment - The objective of the experiment is to monitor the thermal

radiation of the Earth and its atmosphere in the near-infrared region between wave-

lengths of 3 and 5 microns for the purpose of producing cloud-cover pictures and

measuring cloud-top temperatures. The detected thermal radiation is expected to

provide the scientific community with an improved understanding of the heat balance

of the Earth's atmosphere, a useful tool for upgrading the weather forcaster's

prediction, and for evaluating the role of the trained astronaut-meteorologist.

The radiometer 3 which integrates the energy received from meteorological targets

of particular interst, does not form a television-type image. However, the timed

and oriented thermal radiation data obtained are readily composed into cloud-cover

"pictures" for detailed analysis.

EXPERIMENT: 0802B - Test of an Infrared Scannin5 Spectrometer - The objectives of

this experiment are to study man's capability to calibrate, test, adjust, and

evaluate an infrared scanning spectrometer while it is gathering meaningful data

in the entire 0.2 to 40 micron band. Man's presence will enable him to determine

those portions of the band best suited to give the required accuracy in measuring
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the Earth's radiation and its atmosphere. These optimized observations will pro-
vide a large quanity of data on absorption, scattering, and extinction coefficient
of the atmosphere, as well as distribution of species, to improve the existing
mathematical models of the Earth's atmosphere. The astronaut--meteoro!ogist will
selectively program the infrared spectrometer for scans from a waveler_th of 0.2
micron to 40 microns, making apparatus adjustments in the light of his own intel-
ligence and observations, or from ground instructions.

EXPERIMENT: 0802C - Test_ Calibration_ and Evaluation of a Microwave Spectrometer -

The objectives of this experiment are to study man's capability to calibrate, test,

adjust and evaluate a microwave scanning spectrometer while it is operating in the

0.5 cm to 3 cm band. Investigations involving the detection of water vapor and

studies of the atmospheric temperature profile can be performed near the instr_,ent's

lower design limit. The trained astronaut-meteorologist will be abel to optimize

the instrument's operation to monitor sudden changes caused by variable meteorological

phenomena in the Earth's lower atmosphere, or change in the upper atmosphere due to

solar storms. This experiment will be based on the trained astronauts-meteoro-

logist's ability to program the employment of a microwave spectrometer in a very

complex manner 3 to use and evaluate new, unproven instrlnnental concepts and tech-

niques and to test, calibrate, adjust, and evaluate the instnnnent itself.

EXPERIMENT: 0802]3 - Test of a Prototype Star-Tracker - The objective of this ex-

periment is to demonstrate the ability of a prototype star-tracker to lock on and

track stars of the fourth magnitude, when viewed near the horizon, beneath the air-

glow layer. From these data it will be possible to determine the feasibility and

to test the concept of inferring atmospheric vertical pressure distribution. The

experiment will be performed by simultaneous initial acquisition of two stars, of

known anular separation, by two separate star-trackers, followed by occultation of

one of the stars by the Earth's atmosphere, and the Earth itself. Measurement of

the angular motion of the occulted star relative to the reference star will re-

veal the degree to which the starlight was refracted by the atmosphere.

EXPERIMENT: 0901- Multi-Spectral Target Characteristics'Determination - The ob-

Jectives of this experiment are to gather mu]tispectral imagery and spectral re-

sponse samples from a wide diversity of target areas under different illumination,

temperature, and atmospheric conditions. This will provide the data go establish

the extent to which characteristic distinguishable spectral signatures as gathered

from space may be used to identify and to measure useful earth and atmospheric

properties. The experiment involves the identification of surface and subs1_face

features, and their interrelationships_ by simultaneous mapping with sensors at dif-

ferent portions of the spectrum; allowing unique spectral responses to be correlated

to establish both spatial and spectral signatures for unambiguous identification.

In addition to spectral discrimination, signature variations are to be observed as

a function of aspect or stereoscopic viewing and polarization. The spectral region

covered lles between the near ultraviolet and radar wavelengths. All techniques,

exceptimg radar, are passive receptors of the spectral emittance/reflectance

radiations from the surface areas resolved. Supplementing the imaging techniques

are non-ima_ir_ instruments which require motion comrpensation to permit greater

observation times of select areas of interest. Other accessory instrumentation

includes the use of VHF equipment to afford greater penetration and sublayer

measurement, and geochemical spectrometry to detect trace components in the

atmosphere.
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EXPERIMENT: 902 - Synoptic Earth Mapping - The objectives of this experiment are

to comprehensively photograph the land areas of the earth with very high reso-

lution film to show the detailed geomorphology, transportation networks, _ban and

rural land use, vegetation types, and to provide for hydrologic surveys, road

surveys, and resource assessment. Additionally, surface moisture, ice depth and

microwave emission profiles will be obtained. Black and white photographs of 20

ft. resolution will be acquired at the red end of the visual spectmnu for maximmm

haze penetration. Such photos will be taken only during good atmospheric viewing

conditions. A pair of photos of the same area shall be acquired to provide good

stereo resolution. Simultaneous photographs shall be acquired in the blue, yellow

and near-infrared spectral regions to a resolution of 200 ft. This imagery will

provide the capability for the construction of true-color photographs and the cus-

tom selection of a false-color best suited to identification of a particular image

class. A broadband VHF radar will provide surface moisture conditions and type,

while a radiometer operating at four different microwave frequencies will provide

emission characteristics.

EXPERIMENT: 0903 - Multi-frequency Radar Imagery - The objective of this experi-

ment is to map the earth's surface in order to obtain information relating to agri-

culture, geography, glaciology, meteorology_ oceanography and water resources. To

accomplish the intended purposes, a combination of separate coherent high resolution

radars and an altimeter shall be used to map the earth's surface.

EXPERIMENT: 1405 - Orbital Test of Large Area Solar Cell System - The objectives

of this experiment are to assess the role of man in the deployment of a large solar

cell array; and to determine the effects of the array on other vehicle systems. The

astro{aut will assist in the deployment of the solar array. The system will be

verified by operation and utilization as a by-pass loop of the operational power

supply. The effect of the increased drag on the attitude control andorbit mainten-

auce requirements will be determined.
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3. EXPE[_ E_T/SPACECRA_]? DEFINIT If_N

3.1 Mission Definition

qqae priggery objective of Flight 518 is rmapping the earth's surface (0901, 0902,

0903) and atmosphere (O._,O2A,B,C,D). The solar cell array experiment (1405) carried

on this flight is also used to provide power for experiments. Secondary experiments

(01OO,O200,050].) requiring crew participation, are allocated time during_ dark

periods of the flight, so that ur,ir.terrupted crew times are allocated to perforn_nce

of the primary experiments.

Since only 40 !_rcent of the earth's surface is envered by land mass_ and because ,)f

cloud cover and photographic lighting considerations, continuous operation oF the

O901,2:3 Experiments Js not required. Half of the day-light periods were arbitrarily

a]]ocated to O90],2j3 experLments and the remainir_z hail to S_O2A,B,C experiments.

The actual experiments performed will be based on opportunity, availability and

desirability of the land masses available. The 0802D star tracking experiment is

performed once a day, for a i0 minute period, as the vehicle goes from dark-light

orbit condit ions.

An orbital plane inclined 83 ° to the equator (retrograde for a l°/day precession)

is specified for this flight. In addition, a 45° solar a_@:!e (angle between sun

and orbital p]ane) inertial orientation is recommended. The 45 ° solar angle pro-

,rides good lighting for photography (sun incident angle from 15° to 45°) in latl-

tudes between _9 ° North and 68 ° South.

Because of the Commonality of IR experiments in O901 and OS02A,B, the 0901-2B ex-

periment will be performed by £kq02A equipment (IR Radiometer), and the 0802B ex-

periment performed by O901-2A equipment (Spectrometer).

The 0901 experiment uses a common gimballed telescope for the IR Spectrometer

(0901-2A) and Multispectral Camera (0901-4) experiments. Cryogenic cooling, re-

quired by bhe spectro_mel:_r would ,J_e a _]os_d-]onp _ry_n_e _ystem rather than

stored liquid coolant. This approach Facilitates changing detector assemblies in

the telescope. _
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Stereo coverage for the 0902 experiment is obtained by using two 24" FL mapping

cameras canted at approximately 30o, rather than, using rotating mirror systems.

To obtain accurate orbit ephemeris data required for mapping, a Seeor transponder
has been included in the vehicle. Also, a star field camerahas been included to

provide orientation. The 6" FL mapping camerasof 0902 are also used to correlate
the data of 802A, B & C experiments.

Experiment 0903 had originally been sized for a i00 n.mi. altitude and recommended

the experiment be accomplished in three steps. For this study, the final step
(8GC, 2GCand 0.5GCtests) was used, and transmitted powrs increased 16X for the 2

and 0.5 GCradars to obtain equivalent performance at 200 n.mi. 8GCradar power Js
increased only 4X to minimize the high voltage problem. This compromiseto desired
performance degrades the resolution 4X.

Since peak power requirements occur during daylight operation (for good photos),

the solar cell array of 1405 is sized (250 sq. ft. - 2000 watts) to supplement
these power peaks.

A computer has been added as auxiliary equipment to assist in programmingmultiple

use of sensors, provide pointing commands,obtain predict-position coordinates,
initiate measurementcycles, and to provide general purpose computation.

Except for daysthat require EVA, the work/rest/eat/hygiene cycles are repetitive.

The first day requires erection and calibration of the solar cell array. Additional

EVA days (6, lO, 13, 20, 23, 27, 3_3 _i and 45) are required to replenish LIOH, re-

place film, evaluate the solar array and to change the detector assembly on ex-

periment 0901. In order to have three men on duty during EVA, a change in schedule

is required. Although only crewman #3's schedule is shown altered, rescheduling

can be shared by each crewman.

During 35 days of the mission, a sleep period is preceded and followed by a total

of 5 hours for eat/_ygiene/rest. There are always two men awake and at least one

crewman on duty during daylight. Three crewman can relax together for 45 min/day

and two astronauts for 6 hours/day. An average of lO man hours/day per astronaut

in intervals of approximately 3-3/4 hours, 3 hours and 3-1/4 hours have been al-

located to the work routine. The crew schedule is presented in Table 3-2 and

summarized in Table 3-1. Table 3-3 shows the mission profile for experiment

equipment.

---"PI .... --"
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A major limiting factor in this flight, results from the quantity of data produced

during mapping. Also, because of high resolution requirements and resulting small

swath-widths# manymore orbits than exist in a 200 n.mi. 45 day mission, would be
required for complete global coverage.

Experiment 0903 suggests a _evelopment time schedule of 7 years for a '_ulti-

Frequency High ResolutionRadar With Polarization Diversity Reception and On-Board

Processing." Unless this development perio_ can be shortened, consideration should

be given to scheduling this experiment for later flights.

k.-___
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Table 3-2 CREW SCHEDULING, FUGHT 518, SHEET__L__OF__/__ 2-ii.12

i
DAY I

i

53io
0000!

2O
40

0100
20

4O

0200

2O

4O

03O0
20

4O

o400

2O
4o

050O
20

4O
o60o

20

2O

4O

O8OO
20

4O

0900

20
_0

i000

2O

40
ii00

20

40

1200

20

4O

1300
2O

4O

14OO

2O
4O

15OO
2O

4O
1600

2O

4O

17OO

2O
4O

18DO

2O

4O

19OO
2O

4O

2OOO

2O

4O

2100
2O

4O

2200

2O

4O

2300
2O

4O

2400

NOTES

_.X '
CREWMEN ACTIVITIES _ DAY _ CREWMEN ACTIVITIES , DAY

1 2 ' 3 o 1 2 3 i

....... --___._ 0000 :oo00
20 W"_ yg - ' _ 20
4O aaZ__ , 40

Ol00 _/Hyg #{_L__/Byg 1 OlOO
ItdBy _ 20 Rest .L_e st _ 20

14o5 14o5 _,o5 _ 4o ', 4o

,_ 0200 ; O200

CREWMEN ACTIVITIES ,: DAY _ CREWMEN ACTIVITIES

' I '
, I
i ' 0000

; 20_/Ryg E/_y_! 4o _/Xyg _/_yg
Rest Rest ', 0100 _est _est

.... ±___ _ 2o .... l_b_ _
, 40 ,
' 0200

E/Hyg

O8O2
A,C,D

E/Ryg

1405

Rest

1405
Callb

_BaAC_-

1405

Callb

E/Hyg

Sleep

Z/Nyg

0802
A.C,D

Rest

StdBy

1405

E/Hyg --

Sleep

g/Hyg

0901

O9O2

O9O3

._ 2O

._ b.O
o300

2o
4o

:/Hyg _ 0_00
2o

°
_ 20
_ .0
._ o6oo
_ 20

;leep _ 40

o7oo

2o

_ oa00
20
gO

_ o900
,N 2o
_ 4o

.... _ 4o

20

4o

12oo
£405 _ 20

ao

._ 13oo

-- --_> _o
_est _ 1400

£4O5 _ 40
_allb _ 1500

20

___% 40
1_05 _ 1600
;alib _ 20

4o
17oo

2O

_ 40
g/1_yg _ 1800

Xx 2O
# 40
._ 19o0
: 0

4o

2oo0
Rest _ 20

40
2100

20

,' 40

2200

0901 _ 20

0902 ) 40

0903 _ 2300
" 2O

4O

.'_ 2400

l)a/b l)a/b

_200
/Hyg

1)a/_

i00 )100

1)a/b

200 _/Hyg
lest

l)a/b

est

,i00

l)a/b ]leep

_100

l)a/b

-cz-

-- 405 ', 20 I
( 1)a/] alib ', 4O I

, 0300 (_)
' 20 I

2OO ' 40 I

lest ', O_OO

l)a/b : 20 Rest

ISleep i _0 --

i00 )i00 0500 0200
2O

40 ( 1)a/t
O6OO

20

40

0700 E/Hyg

2O
4O

08OO ! oi00

, 20

40 ( :t )a/_
0900

20

_/Hyg : 40 0200
_eet : I000

20 " ( l)alt
40

Ii00

_ 2o
',z)a/l_ 4o

1200

3100 20
_0

( l)a/b 1300
2O

3100 1400
20

4O

_/Hyg 15oo
Rest 20

: 2O

(4) (4):: _0O3OO

4O
..... _ 0:_00

Re_t : 20
Rest _ 40

', 0500

: 20

( 1)a/b ', 40
: O6OO

Sleep i 20

O2OO I _0

: 0700

(z)aA: : 20
: 40

Olo0 o800
2O
_0

O9OO
E/Hy¢ 20
Rest 40

iOOO
£0

4O

iiO0

Rest , 20

E/Hyg , 40

__ Rest i 1200

0200 I ', 20

: 1300
_)I( Sleep : 2O
1.a__ _ : 4o
0100 0100 : 1400

_ : 20

( 1)aI_ - i 40

E/Hyg : 1500

_est ', 20
__ 40 -- ', 40

16oo ', 1600

:est 40 Rest ', 40

3200 1700 0200 : 1700
2O E/Hyg ....

_/Hyg 40 Rest ( l)a/_ ....

__ _est ( l)a/b 1800 ---_ : 1800
. __ ; 20

1 (3) : 40 . _ _ 2040

: 1900 -- _ 1900

[Z)alb , 20 (z)a/t _ 20
: 40 -- Rest _ 40

3200 : 2000 0200 ; 2000
: 20 --

(1)a/bl(1)e/b : 80 (l)a/t (l)a/t
', 2100 Sleep_leep ,_21OO

', 20 _ 20
Ol00 .OLOO i 40 o_oo OlOO _ 4o

: 2200 _ 2200
(1)a/bl(1)a/b : 20 (1)a/t (1)a/t _ 20

: 40 ....

E/Hyg 10200 : 230O E.._iyg 0200 _ 2300
Rest -- ', 20 Rest -- _ wo

(z)a/b : 4o
i 2400 ( ].)a/t __'2400")

.... L___ .... _

(4) (4) (_)

_est _est

--Rest --
3200

[l)a/b (1)a/b

_leep

_/Hyg

(1)etb
3100 0100

(1)a/b

E/_yg

D_OORest

Z/Hyg
Rest

Undesignated time is rest or recreation

*I Days 2-5, 7-9. 11-12, 1_-19, 21-22: (1)a
2_-26, 28-33, 35-40, 42-_4 (1)b;

*2 Days 6, i0, 13. 20: (1)e
23, 27, 34, 41, 45: (1)h

(Stop at 8th Orbit)

I a: 0901, 2, 3, o_ 0802A, _OI-2A, 802C
I 1 b: 0901, 2, 3, or 0802A, 802C

I I : 0501
I .. 080aD

I Replace LIOH _ Fill, check solar p_el _PPay, chl_3_e
detectors for E_per. 0901 _ Day _3

_/Hyg Eat & Personal Hygiene

'___> Limits of Experiment Time
Limits of EVA

%w,-, ,It I_I_I [I--i
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3.2 SPACECRAFT DEFINITION

Flight 518 configuration, shown in Figures 3-1 and 3-2, carries experiments deal-

ing with remote sensing of the Earth's surface and atmosphere, and requires earth

pointing. Nominal spacecraft attitude is Earth oriented with the spacecraft's

longitudinal axis located in the orbit plane. Attitude is held within a deadband

of _5°,except during experiment periods having specific pointing and stability

requirements. Pointing and stability requirements up to 0.03 deg/sec can be ac-

commodated by the CSM within the RCS propellant capacities of both the "C" and '_"

CSM versions. Experiment pointing and stability requirements exceeding CSM capa-

bility (0901) are accommodated by installing the experiment telescope on glmballed

moun_s _ previding a fine guidance and control system within the telescope. On

the '_"-_r_ion_dditional RCS propellant is reqUired to maintain attitude hold,

and is obtained by adding the LE_RCS system.

The present CSM drift control capability of 0.03 deg/sec is inadequate for the 0903

synthetic aperture radar c rried on this flight. Vehicle stability should be held

within angular rates of 0.001 deg/sec Inall axes. To accommodate this stability

requirement two alternatives are avail_ble;

Mounting the antenna on its own attitude control platform.

Adding electronic compensation techniques to the radar system.

For the purposes of this study, the second alternative was assumed.

This flight is characterized by a large amount of return weight required to ac-

complish experiment objectives. Tape weight and volume amounts to 970 lb and

48.5 cu ft, film weight and volume is 750 lb and lO cu ft. Allowable CM return

weight is 300 Ib, volume approximately 16 cu ft. Within these CM constraints two

alternatives may be considered:

e Redesign the CSM tape recorder to optimize the amount of data that

can be returned within the 51.2 kilo-bit CSM transmission constraint.

• Provide a data capsule(s) to return the data.

Since a data capsule can be accommodated within the allowable Lab weight, it is

assumed that this mode of data return is acceptable for the purposes of this _tudy.

Howaver, it is recommended that the first alternative be investigated.
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The viewfinder installation provides hemispherical coverage for all experiments.

The 0901 optical sensor is a gimbal-mounted installation, utilizing the O901-1

optics and is located in the decent stage. During an EVA, the Multispectral

Camera (0901-4) unit is substituted for the Grating Spectrometer (0901-2A) sensor

installation on the 0901 optics and film is changed.

A 250 ft. 2 solar panel assembly (1405) Is used to supply peak power demands above

487 watts for experiments 0901, 0902, 0903, 0802A, and 0802C. These experiments

are dependent upon the solar cell power and no "back up" with fuel cell reactants

or battery has been provided. The array is stored in the descent stage and deployed

by the astronauts during early orbit operations.

The Microwave Imager antenna (0901-5b), i ft, 2 ft and 4 ft antennas (0802C), and

IR Radiometer (0802A) are also mounted on the descent stage. The IR Radiometer

uses cryogenic fluids supplied by a Block II liquid H 2 tank.

The Microwave Radiometer and VHF Pulse Reflectivity Antennas (0902) are stowed on

the ascent stage and deployed for experimentation. Prototype Star Trackers (0802D)

are located on a stable platform mounted on top of the A/S having a field of view

(±22 1/2 °) adequate for the experiment. The 0903 synthetic aperture radar antenna

is stowed in the descent stage and rotated to 35 ° off local vertical for experi-

mentation. On the "D" version, the antenna is folded to clear the LEMRCS system.

Structural modifications to the LEM A/S are required to accommodate the Viewfinder.

All other experiment equipment installations involve additions to existing LEM A/S

and D/S structure.

The inboard profile (Fig. 3-2) shows that adequate internal volume is available to

accommodate experiments. All experiment displays and controls are located in the

forward cabin or are accessible from forward cabin crew positions. A seven day

capacity of LiOH canisters is stored internally, mounted on the aft bulkhead of the

Lab and is replaced during programmed EVA's.

0100 (Behavioral), 0200 (Biomed) and 0501 (Radiation Monit.) equipment installations

are .... ^_ _^_ _ __ _÷

Supporting electronics and spares for experiments are carried in the center bay of

the descent stage, affording ready access for maintenance. Additional equipments

may be carried on the aft equipment racks of the LEMA/S.

iI-i '--" m I .
.... . mm. .....
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Basic subsystem characteristics pertinent to this flight are described below:

Vehicle Orientation

Stabilization Reqm'nts

Avg Experiment Pwr (Delivered)

Number of Repressurizations

Equipment Cooling

Earth Pointing

±.2° @5_o Hrs; ±5° @540Hrs

487 Watts Avg (Includes 280 Watts for Cryo

Cooling on Exp 0901)

8

64Ft 2 Radiator

Number of Fuel Cells

Oxygen Tanks

Hydrogen Tanks

Peaking Battery

Fuel Cell Cooling

RCS System

RCS Tankage

S & C System

Waste Reactants

Water for Thermal Cont (max)

Water Generated

2

i Apollo X

i Apollo X

40 AMP Hr

14.5 ft 2 Rad

None

None

Sensors, Data Proc,

Att Lock on Disp,

FDAI Needles

36 lbs

730 lbs

893 ibs

D

Takeover Point = 14.3 days

3

2 Apollo X

2 Apollo X

40AMPHr

29 ft 2 Rad

Std LEMThrustors

Std LEMTanks

ATCA, Rate Gryos
& Panels

2O ibs

730 ibs

1721 ibs

Waste reactants are needed to accommodate the estimated boiloff rates. These

fluids are disposed of by increasing the power output of the normally operating

fuel cells and energizing either a dummy load or idle equipment.

I
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In addition to the standard CSM/LEM Lab interface, this flight requires additional

wiring for accommodatlug the earth pointing requirements of experiments. Inter-

face wiring includes star tracker and horizon scanner sensory inputs used to main-

tain attitude hold.

The difference between "C" and '_"versions of the Lab are the addition of one

FCA, one Apollo-X 02 tank, one Apollo-X H 2 tank, added fuel cell reactants, and

an increase in FCA radiator area of _4.5 ft. 2. The LH_RCS system is also added

to the "D" version. These modifications to a "C"-verslon Lab accommodate the

added power demand of the "D"-version Lab required b taking over CSM power re-

quiraments after (nominally) 14 days, and accommodating additional RCS propellant

requirements beyond the capacity of the "D" version CSM.

This flight utilizes an Apollo CSM fuel cell electrical generation system, a LEM

ECS to provide suit circuit operation in the Lab during EVA, and selected com-

ponents to provide data transmission, status and appropriate displays.

The estimated laboratory weight of the "C" version is 12,932 lbs and of the '_"

version is 15,961 lbs. (See tables 3-4 and 3-5.)
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TABLE3-4 LEMLABDETAILEDWEIGHTSTATEMENT

Flight 518

Structure ........................
Basic Ascent ......................
Basic Descent......................
Shielding .......................
Power Pack Structure ..................
Experiment Supports ..................
RCSSupports ......................

Stabilization and Control ... ..........
Attitude Translation Control Ass'y i ..........
Rate Gyro Ass'y ....................
Controllers ......................
Star Trackers and Electronics .............
Horizon Scanner ....................

Crew Provisions .....................
Restraints ......................
Lighting .......................
Food .........................
LiOH - PLSS ......................

Reaction Control System .................
Propellant ......................
Propellant System ...................
Pressurization System .................
Thruster Ass'y .....................

Controls and Displays ....... ...........

Environmental Control ..................

Atmosphere Revitalization System . . , .........

02 Supply and Cabin Pressurization ...........

Water Management ....................

Heat Transport, Cold Plates, Coolant ..........

LiOH- ECS ......................

Water .........................

Radiators .......................

Thermal Control ................ ....

Instrumentation .....................

Signal Conditions ...................

PCM and Timing Elec Ass'y

Data Storage .....................

Weights ibs

Configuration

C D

•(2 7) (2540)
802 8o2

75o 75o
472 497

50 50

388 388

53

(163) (163)

27 27

2 2

14 14

84 84

36 36

(327) (327)

35 35

i0 i0

228 228
54 54

(716)
405

134

55
122

(485) (485)

(853) (899)
8O 80

34 34

36 36

105 105

382 382
4O 40

102 I_

74 74

(1091) (1091)

45 45

39 39

25 25

gle m... b
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TABLE 3-4 _ LAB DETAILED WEIGHT STAT_4ENT (Con 't)

Flight 518

Component

Experiment Selector ...................

Data Tapes ......................
Spare Voice Recorders _ ................

Electrical Power Supply .................

Fuel Cell Ass'y ....................

Reactants and ECS Oxygen ................

Reactant Tankage ............... _ ....

Batteries and Charger .................

Plumbing ........................

Inverters .................. . ....

Wiring, Distribution and Umbilical ...........

Communications ......................

Television . , .....................

Audio Center ......................

Voice Recorder .....................

Exper iment ........................

Spares . . . . . . . . . . . ...............

Total Laboratory .....................

Weight, ibs

Configuration
C D

6 6

97_ 9706

(2609) (4767)

492 738

lOOO 2438
4.24 8A8

68 68
40 60

75 75
510 54O

(32) (32)
24 24

6 6

2 2

(48 5) (484 )

(60) (96)

12,932 15,961

J_
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TABLE 3-5 INTEGRATED SPACECRAFT WEIGHT STATEMENT

Flight 518

Component

Weight, Ibs

Conf igurat ion

C D

Command Module Basic Weight ..............

Service Module Basic Weight ..............

CSM Retro-Propellant ..................

(Io,287) (10,287)
(12,525)(9192)
( 1349 ) (ll91)

Laboratory Weight ...................

Basic Laboratory Structure ..............

Experiment S .............................

Experiment Support Systems ........ ......

Expendables .....................

(12,932) (15,961)

2467 254O
4845 48h5
3916 5029

1704 3547

CSM Experiment Dependent Weights ............

RCS Propellant ....................

Total Laboratory and Experiment ............

Allowable Lab and Exper. Weight ............

1044 694

(13,974) (16,654)

82334 85825

Total Orbiting Weight ................. 38,135 37,324

Service Module Propellant (Ascent) ........... O 0

SLA Adapter ...................... 3505 3505

Launch Vehicle Payload ................. 41,640 40,829
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4. FLIGHT OPERATION SUPPORT: FLIGHT NO. 518

Experiment 0100 & 0200 - Medicine and Behavioral - Periodic daily data

transmission and ground monitoring of safety parameter data.

Experiment 0501 - Radiation Environment Monitoring - External particle

flux measurements during a solar flare event are to be correlated with

the solar activity observations made on earth stationed observatories

i_m4 _ satollltms.

Experiment O802B- Test of an Infrared Scanning Spectrometer - Consult-

ation with instrumentation man on ground to maintain adjustment and

calibration of instrument.

Experiment 0802D - Test of a P_0totype Star-Tracker - Spacecraft

attitude and trajectory must be accurately calculated.

Experiment 0902 - Synoptic Earth Mapping - A network of ground trans-

ponders is necessary to determine the relative position of the satel-

lite to positions within the photographic field of view to 10 foot

accuracies. A SECOR or AROD system with a world-wide deployment of

transponders would satisfy this requirement.

Table 4-1 presents the emperimental data management requirements of the

flight. A general discussion of this table and the data management system

is contained in Volume i.
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TABLE 4-i. FLIGHT 518 DATA MANAGEMENT

Avg. Daily Data Recording Requirements

Experiment

Data Rate

No. K-bits/sec

0100 s

0200 s

0501

A,B/
C,D

0901,

0902,

09o3

14o5

9 (AVG)

6.4 (AVG)

0.8

5

9.5

O.5

Recording Time, rain

(A)
51.2 K-b/sec

70

35

16o

16o

(B)
1.6 K-b/sec

45

3o

Totals 425 75

Remarks

2.5 Exper-Hr/Day

2.0 Exper-Hr/Day

45 Min/Day Monitoring

20 Minx 8 Times/Day

20 Minx 8 Times/Day

30 Min/Day Monitoring

Avg. Daily DataTransmission Time, min:

• Reqd: A + B/32 = 427 min

• Available = i04 mln

Data Excess (Minutes of Tape) per Da_

Required Minus Available Transmission Time

Data Excess per Mission (min)

Data Tape Return Required: 30 Min/Tape Reel

Optimum Avg. Daily Transmission Time Required

Voice Tape Return Required (4 packages)

Film Return Required

Data Tape Carried

-_ 323 min.

485 Reels _970 ib
48.5 cu ftI

105 min

8 Ib,

750 ib,

970 Ibs

0.i cu ft

i0 cu ft

_ -w i ......
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Flight No. 521

I Altitude, n.mi 19,350 I I Inclination,deg C" l I Duration, days 45 ] l Crew 3 I

Mission Title: SPACE PHYSICS AND SUBSYSTEM DEVELOPMENT

Objectives: This flight will investigate the mechanism of aurora formation and
associated aspects of the space environment in the vicinity of earth, and
will investigate the operation of advanced technology subsystems under

actual operating condltions. The space environment will be examined by
observing natural _urorae occurln_ at both poles, the natural background

radiation, mlcrometeroid fluxes and the geometry of lines of force of the
terrestrial magnetic field. Additional objectives include the determina-
tion of the chemical composition and certain physical characteristics of

comets b2 generation and observation of artificial formations. Advanced
_ec__i_ Inclu_le.the operation of a large, dlffract_on

limited laser telescope 2 advanced llfe support and power generation sub-
systems, and the check-out and launch of an unmanned probe (OGO) while

in orbit. The OGO will be placed in an elliptical orbit while the
Apollo spacecraft is orbiting the earth in a 15 hr Hohman transfer orbit.

Configuration: C (Extended CSM, LEMA/S, Low Profile D/S), or
D (Modified Block II CSM, L_ A/S, Low Profile D/S)

Experiment Summary:

No. T itle

0100
o2oo

O5Ol

0502
0503

0504
O8Ol

llO1

1_o3
lhO_
14o6

Biomedical (excluding 0101 and 0102)
Behavioral

RadiatlonMonltorlng

Magnetic Field Lines
Comet-like Particles

Micrometeoroid Collection r

Conjugate Aurora
Launch OGO

Fluid Management for LSS

Radioisotope

Optical Technology

Equipment
Location

LEM Stage
CM

Asc Desc

X

X

X X

X

X

X

X

X

X

X

X
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2. EXPERIMENT DESCRIPTION SUMMARY

4

FLIGHT - 521

EXPERIMENT: 0100-0200 - Medical/Behavioral Experiments - The Medical/Behavioral

Experiments are intended to evaluate the effects of prolonged space flight on

man and to enhance his operational efficiency to permit more extensive manned

space flight missions. Twenty-four experimental measurement packages have been

defined to analyze critical human functions and to focus on those most likely to

be affected adversely by prolonged space flight. Procedures and instrumentation

employed in the experimental packages are a composite of updated, standard medical/

behavioral and imminent state-of-the-art zero-g adapted, techniques. These pro-

cedures should provide: l) an assessment of the effects of prolonged weightless-

ness_i_i_hophysiologi_!, Integrity of the astronaut, 2) a determination of

the me6_mS_w_*ich mediate ObServed changes, 3) a prediction of the onset and

extent of degraded functioning, and 4) a valldatlon of preventive or counter-

measures which may be necessary to support man's extended exploration of space.

NOTE

Experiments O101 and 0102 require linear and/or rotational

accelerations, such as would be obtained during a firing of

the SM engine or during the artificial gravity experiment,

in order to achieve all of the described experiment

objectives. These experiments have been excluded from

missions which lack sufficient SM propulsion and/or the

artlflcal gravity experiment.

EXPERIMENT: 0501 - Radiation Environment Monitoring - The oSJectives of this ex-

periment are to record radiation received by the crew, and to furnish external

radiation environment data for other experiments. Techniques for the Apollo

Mission 3 or those employed in Tiros and OGOj will be used. Detection devices

proposed for the monitoring systems are: proton-alpha and electron spectrometers,

tissue equivalent ionization chambers, and film packs.

EXPERIMENT: 0502 - Study of Magnetic Field Lines - The objective of this ex-

perlment is to study the terrestrial magnetic field's line of force geometry, by

measuring paths followed by artificially injected electrons. A linear accelerator

will inject precise charges along a field line. Electrons will be injected in a

manner_ such that, when they hit the atmosphere an aurorae spot will be produced

which canbetr_cedvisibly and photographed vi_ camera or radar. Several types

of fieldline motion are expected - such as diurnal and solar cycle motion t due

to quiescent solar-wind magnetosphere interaction and magnetic storm perturbation.

Beam energy changes may elicit information about large scale electric fields from

E x B drift measurements.

EN2EBIMENT: 0503 - Generation and Analysis of an Artificial. Comet-like,

Particulate Cloud. - The objectives of this experiment are to determine the chemical

composition and certain physical characteristics of comets, by producing an arti-

ficial comet cloud, studying particle growth rate and formation, and observing

optical properties. Spectroscopic cloud analysis will facilitate the study of

radical's behavior. Photographic, photometric and visual observations of a comet-

_A Ik|IB| -'L _L1qPl • | i
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like cloud, artificially generated at a time and under conditions favorable to

photography from ground stations and spacecraft, will be made.,

_IMENT: 0504 - Micrometeoroid Collection - The objective bf this experiment

is to determine physical andchemlcal properties of the dust cloud surrounding

the Earth. Exposed collector plates will trap particles. Variations in exposure

duration will aid in the discrimination of differences due to shower activity.
Particle velocities will be used to differentiate between those in geocentric or
solar orbits.

EXPERIMENT: 0801 - Conjugate Attrora and Airglow - The objectives of this experi-

ment are to Investigate the de_iled nature of the conjugate auroral forms, struc-

tures and geometries i_ both the Arctic and Antarctic auroral regions with a view

toward defining the causality factors and the extent of congruity. Observation

and recording of both aurorae from a single, orbiting platform at several Earth

radii will provide simultaneous measurement of auroral form, structure, spectral

intem_it_ am__Qf _he c_ugate phenomena. ....

EXFERIME_f: llO1 - Launch of Ummmnned Satellites - The objectives of this
experiment are to develo_procedures and operations for the checkout and activation

of unmanned satellites a_ T_helr subsequent launch by a manned space station. The
experiment will be perfo1_ed usi_gan Orbiting Geophysical Observatory (OGO)

carried into orbit within the Apollo S/C LEMadapter. Checkout will utilize the

on-board LEM digital computer,

EXPERIMENT: 1405 - Fluid Management Technolo_v for Life Support System - The

objectivesof this experimentare to develop techniques and perform operational

tests on components or systems for: _ater electrolysis, cabin _ater removal

sublimation, cryogenic heat leak, and liquid/gas phase control. The components

and/or systems will beoperated independently of the normal vehicle system to

evaluate their performance.

EXFERIMENT: 1404 - Radioisotope - Thermoelectric PQwer SYstem Integration -

The objective of this experiment is to qualify and evaluate a 500 watt radio-

isotope power supply system# integrated with llfe support equipment which utilizes

the waste heat from the supply. Life support components that can utilize the
waste heat of the isotope supply (such as evaporators and stills) will be inte-

grated wlthheat sources from the power system and operated in the zero "g"

environment of the orbiting vehicle. Data will be taken at regular intervals to

evaluate equipment performance.

EXPEP_: 1406 Optical Technolog_ Experiments - The objectives of this ex-
_rlmenti_toa_e the state of optical technology in large spacecraft

telescopes_0pticai Instrumentation and communications;and, to determine the

effects of the aerospace medium on the propagation of coherent and inchorent

optical radiation. A large optical system will be operated in space to: perform

a coherent wave front examination of the geometrical characteristic of the tele-

scope surface in a space environment, and through thermal and mechanical controls

m_intain the total optical system in a diffraction limited condition; perform wave
front and polarization analysis on received• radiation; and perform accurate tracking

of a ground beacon to provide stabilization of the telescope.
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3 EXFERIMENT/SPACECRAFT INTEGRATION

3.1 Mission Definition

Flight 521 has both scientific and engineering objectives. Five scientific and

four engineering experiments will be performed in addition to the bio-medical and

behavioral experiments on the crew. The mechanism of auroral formation will be

investigated by simultaneously observing both poles of the earth. Optimal viewing

of the auroral displays occurs where the spacecraft's position in orbit results in

maximum deviation from the earth-Sun line. These periods occur at two points in

the orbit, twelve hours apart, and are each about three hours in duration. It is

antlcipatedthat not all of the observing opportunities available will yield

singularities worthy of recording. One crew member will therefore monitor the

video display during the optimum viewing periods and activate the recorders at his

own discretion. Because of the synchronous feature of the orbit, it will be

possible to alert the crew from the ground and vice versa in essentially real-time.

The I00_ ground station visibility feature of this orbit has been utilized to

schedule thirty separate optical technology experiments. Maximum time is scheduled

between experiments to allow for data reduction and interpretation and possible

experiment modification. Modifications to the telescope or other external equip-

ment are to be accomplished during the regularly scheduled (weekly) EVA's.

The synchronous orbit of this flight is probably non-optimum for experiments 0502,

the study of the earth's magnetic field lines and 0503, the generation and analysis

of an artifical, comet-like, particulate cloud. For general investigations of the

earth's magnetic field, the spacecraft should cross all field lines and cover

various latitudes. In synchronous orbit the magnetic field variation is small, and

at synchronous altitude the magnetic field will probably be too weak for accurate

determination. Because of the large percentage of time spent by the spacecraft in

sunlight, for the defined orbit, ground observation of experiment 0503 cannot be

made.

ill i " =* -_* " 'l'i i_ •



Transfer to synchronous altitude will be accomplished by an elliptical orbit with

perigee at parking orbit altitude and "apogee at synchronous altitude. It is pre-

sently assumed that the spacecraft will be allowed one complete elliptical orbit

before circularizing at synchronous altitude. This will allow time for an EVA to

erect and checkout OGO sensors and subsystems. The satellite would then be re-

leased in this elliptical orbit, which is more appropriate to the OGO mission.

During this orbit unique opportunities will be available for generation of arti-

fical clouds at various altitudes and lighting conditions and for injection of

electrons into a _riety of magnetic field lines. Crew time b_s been scheduled

to permit maximum flexibility in this regard.

' Experimen_:__i_L_e_ronment monitoring requires only t_n minutes per

man per day and is readily fitted into the crew schedule at the same time each day.

Micrometeroid collection, associated with experiment 0504, is performed every seven

days during the extra-vehicular activity required for LiOH canister replacement.

The crew schedule is summarized in Table 3-1 and detailed in Table 3-2. The

experiment equipment mission profile is shown on Table 3-3.
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Table _-_ CREW SCHEDULING, FLIGHT _.21,
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3.2 SPACECRAFT DEFINITION

Flight 521 configuration, shown in Figures 3-i and 3-2, carries experiments dealing

with micro-meteoroid collection (0504), generation and analysis of comet-like

particulate clouds (0503), study of magnetic field lines (0502), radioisotope

power supplies (1404), fluid management technology (1403), optical technology ex-

periments (1406), sensing of conjugate aurora and airglow (0801) and the launching

of the OGO (llO1). The conjugate aurora and optical technology experiments re-

quire an earth oriented spacecraft. Experiment pointing and stability require-

ments are accommodated by the CSM within the RCS propellant capacities of both the

"C" and 'S)" CSM versions. Experiment pointing and stability requirements exceeding

CSM capability are accommodated by installing the experiment on a gimballed mount

and providing fine guidance and control systems within the telescope. The 60 inch

diameter telescope for 1406 is gimbal mounted to provide a pointing accuracy of .1

degree.

The size of the telescope to perform the optical technology experiment dictated

the use of a BO in. low profile descent stage.

The OGO is located in the rear quadrant of the descent stage. The micro-meteoroid

collectors (0504) are boom mounted and can be oriented into any desirable position.

A lO ft diameter balloon (associated with 0504) is stoMed in the descent stage and

erected below the descent stage away from the telescope.

The Radioisotope Thermo-electric Generator (RTEG) unit is mounted to the side of

the descent stage, near the SLA so that the RTEG fuel block can be loaded prior to

launch. A 75 sq. ft. radiator required for the RTEG is mounted beneath, the unit

and deploys in orbit. Radiation monitoring equipment (0501) is located near this

experiment to check radiation levels. In addition the RTEG unit is mounted so that

the unit can be Jettisoned from the spacecraft should the cooling loop fail.

The equipment for the comet-like particulate experiment (0503) is located on the

side of the descent stage. Four chemical canisters (associated with 0503) are

located such that cameras can record the experiment.

Equipment for sensing aurora (0801) is earth pointed and located on the descent

stage so that it can view the earth's poles. The unit is gimbal mounted.

Equipment for the magnetic field experiment (0502) is also mounted on the descent

stage. The electron gun is rotatable and contains its own power supply.

The fuel cells are mounted on the descent stage tothe side of the ascent stage

pressure vessel.

No structural modifications are required to the LEMA/S. A low profile descent

_t_ge is used _ -upport the _Lab and experiments_ All e.xperiment equipment instal-

latlons are additlons to existing LEMA/8 and basic low profile descent stage

structure,
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The inboard profile (Figure 3-2)shows that adequate internal Volume Is available

to accommodaf_ experiments. All displays and controls are loca,'t_.,_ Im ,%he cabin

and are readily accessible. Biomed equipment is stored in a c_nister below the

floor where the L_ ascent engine is normally housed. Foo_ is Stored inte_lly.

LiOH canisters are also stored internally, and are replaced from external stora_

during programmed EVA' s.

In additiomtothe staudard CSM/labinterface, this flight requires add_tio_l

wiring for aceommod_%_umg earth pointim_ requirements of experiments. Interface

wiring includes earth tracker and star tracker sensory inputs used to maintain

attitude hold.

The differences between "C" and "D" versions of the Lab are the addition ofone

FCA, one Apollo-X H, tank and substituting two Apollo-X for two Block II 02 tamks
and an increase in'CA radiator area of 18 ft2.

These modifications to a "C" version Lab accommodate the added power dema_ of the

"D" version L_b required by taking over CSM power requirements after (momimally)

14 days.

This flight utilizes an Apollo CSM fuel cell electrical generation system, a LI_

ECS to provid_ suit circuit operation in the lab during EVAand selected components

to provide data transmission, status and appropriate displays.

_e estimated laboratory weight of the "C" version is 12403 ibs and of the '_)"

version is 14715 lbs (see Tables 3-4 and 3-5).

Basic subsystem characteristics pertinent to this flight are described below:

Vehicle Orientation

Stabilization Reqm'nts

Avg Experiment Pwr (Delivered)

Number of Repressurizations

Equipment Cooling

Earth Oriented

±.5 °- 7days; ± 5° - 38 days

108 watts

7
20 Ft 2 radiators

"C" Config '_" Config

Takeover Point=13.2days

Number of Fuel Cells

Oxygen Tanks

Hydrogen Tanks

Peaking Battery

Fuel Cell Cooling

RCS System

RCS Tankage

S & C System Sensors &

Waste Reactants

Water for Thermal Cont

Water Generated

z 3
i Apollo X 2 Apollo X

i Apollo X 2 Apollo X

None Non_
8.5 Ft 2 27 Ft-

None None

None None

Controller , Data Processor, FDAI Needles,
Att Display

114.3 lbs 175 ibs

_.7 ibs 4.7 lbs

554 lb 1350 Ib

-- - ;; ,'. - . :" ".;.tL -
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Waste reactanteareneeded to accommodate the eBtimatedboiloff rates. These

fluids are disposed of b_ iner_eesi_thepo_er output of the normally operating
fuel cells a_'energizing either a dummy load or idle equipment.
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TABLE 3-4 LEM LAB DETAILED WEIGHT STATEMENT

Flight 521

Component Weight, ibs.

Configuration

C D

Structure ........... . ......... . .... (2240) (2240)

Basic Ascent ...................... 802 802

Rack ........................ . 470 470

Shielding ....................... . 450 450

Power Pack Structure ................ . 50 50

Experiment Supports ................. . 468 468

Stabilization and Control ........... (189) (189)
Attitude Translation Control'Ass'y ......... , 27 27

Star Trackers and Electronics ............ . 126 126

Earth Tracker ..................... 36 36

Cre  ovisions ..................... (296) (296)
Restraints ...................... B5 35

Lighting . ...................... lO lO

Food ........................ 228 228

LiOH - PLSS ...................... 23 23

Controls and Displays .................. (585) (585)

Environmental Control .............. .... (943) (987)
Atmosphere Revitalization System ........... 80 80

0 2 Supply and Cabin Pressurization .......... 34 34

Water Management ................... 36 36

Heat Transport, Cold Plates, Coolant ......... 305 305

LiOH - ECS ...................... 382 382
Water ........................ 40 40

Radiators ....................... 60 104

Thermal Control .................... 6 6

Instrumentation ..................... (151) (151)
Signal Conditioner ..... - ............. 45 45

PCM and Timing Elec. Ass'y 39 39

Data Storage ..................... 25 25

Experiment Selector .................. 6 6

Data Tapes ..................... 30 30

Spare Voice Recorders ................. 6 6

Electrical Po_er Supply ................. (2149) (4330)

Fuel Cell Ass'ys ................... 492 738

Reactants and ECS Oxygen ............ . . . 766 2227

Reactant Tankage ................... 424 848

Plumbing ...................... 40 60

• " WI " " ,
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TABLE 3-4 LEM LAB DETAITan WEIGHT STATEMENT (Cont'd)

Flight 521

Component Weight, Ibs

Configuration

C D

Inverters . . . . . . . • . . . ._. . . • • . • • • •

Wiring, Distribution and Umbilical .... . ....

Communications .....................

Television ....... . ......... . ....

Audio Center

Voice Recorder

Experiment • • • • • • • • • • • • • • • • • • • • • • •

75 75
352 382

(32) (32)
24 24
6 6
2 2

( 5845) ( 58 5 )

Spares . i • . • • • • •. • • , • • • • • • • . • •

Total Laboratory • • • • • • • • • • • o , • , 1 • • •

(60) (60)

• 12,490 14,715
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TABLE 3-5 INTEGRATED SPACECRAFT WEIGHT STATEMENT

Flight 521

Component Weight, ibs

Configuration

C D

Command Module Basic Weight ............... (10,287! (1%287_
Service Module Basic Weight ................. [ (12,531) (9,195)

CSM Retro-Propel!ant ............ ....... (21,500) (17,500)

Laboratory Weight .................... (12,490) (14,715)

Basic Laboratory Structure ............... 2240 2240

Experiments ...................... 5845 5845

Experiment Support Systems ............... 2966 3730

Expendables ............... . ...... 1439 2900

CSM Experiment Dependent Weights . . . ..........

RCS Propellant ..................... 12i 129

Total Laboratory and Experiment .............. (12,611) (14,844)

Allowable Lab and Exper. Weight .............. 12,932 20,265

Total Orbiting Weight . . . ............... 56,929 51,829

(AService Module Propellant scen ............ 21,200 21,200

SLA Adapter ....................... 3505 3505

Launch Vehicle Payload .................. 81,634 76,534
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4. FLIGHT OPERATIONAL SUPPC_T: FLIGHT NO. 521

Experiment 0100 & 0200 - Medi_Ine and Behavioral - Periodic daily data

transmission and ground monitoring of safety parameter data.

Experiment 0501 - Radiation Environment Monitoring - External particle

flux measurements during a solar flare event are ,to be correlated with

the solar activity observations made o_ earth stationed observatories

and other eatell_tes.

Experiment 0502 - Study of Magnetic Field Limes - Observation and

tracking of artificial aurorae with ground-based equipment_ from air-

craft, and from orbital stations. Also monitoring of solar activity

by astronomical and radio observations.

Experiment 0503 - Generation sad Analysis of Comet - Like Particulate

- Coordinated ground based optical coverage. These are restrict-

ed to periods of twilight.

Experiment 0801 - Conjugate Aurora and Airglow - Coordinated auroral

observations from ground stations. Particle and geomagnetic meas-

urements from satellites and ground stations.

Experiment iiO1 - Launch of Unmanned Satellite - Normal satellite

tracking and data-hsmdling facilities will be required.

Experiment 1406 - Optical Tecbmology - At least two ground stations mot

too distantly separated similar to those at GSFC and Wallgps Island.

For example, two stations could be at GSFC and separated by one to a

few miles to simulate the angles to be encountered in a deep space

mission.

Table _-i presents the experimental data management requirements of the

flight. A general discussion of this table and the data management

system is contained in Volume 1.

.. GI,_ .... -I--_ , ,=,w _X I__ =
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TABLE 4-i. FLIGHT 591 DATA MANAGEMENT

Avg. Daily Data Recording Requirements '

Experiment

No.

0100 s

O2OO
S

0501

Data Rate

K-bits/sec

9 (AW)

6.4 (AVG)

0.8

(A)
51.2 K-b/sec

Recording Time, min

(B)
1.6 K-b/sec

215

120

45

Remarks

7.6Ex r-Hr/Day

6.8 Exper-Hr_ay

 5"mn/Day

0502

0503

05o4

O8Ol

14o3

1404

14o6

llOl

Totals

0.2

0.3

1.6

1.2

0.4

0.6

0.2

OGO PCM will be used.

335

3

14

30

133

4

60

60

349

i0 M in x 12 Times

120 Minx 5 Times

22 Hr/Mission

2 Hr x 50 Times

60 Minx 3 Times

60 Min y
90 Minx 30 Times

Avg. Daily Data Transmission Time, min:

• Reqd: A + B = 684 min

NOTE: If low bit rate data is recorded and dumped at the higher rate,

the transmission time can be reduced to 346 min.

• Available = Continuous

Data TapeReturn Required

Voice Tape Return Required (4 packages)

Film Return Required

Data Tape Carried

zero ib, zero cu ft

8 lb, 0.i cu ft

3 lb, 0.I cu ft

30 lbs
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1. FLIGHT MISSION DESCRIPTION

ASTRONOMY'AND BIOSCIENCE LABORATORY IIMission Title:

2-13.1

Flight No. 523

Objectives: This flight will conduct conventional and radio astronomical studies. The

next two flights will rendezvous with this flight to provide extended

observation time. In addition, this flight Will observe physical phenomena
in zero "g", micrometeoroid densities, and effects of space environment on
i_flatable structures.

Configuration: C (Extended CSM, _ A/S, D/S), or
D (ModlftedBlo_k II CSM,L_ A/S, D/S)

Experiment Summary_.

No. Title

Ol_
o_o
O5Ol
o5o_
.o651
o_
o6_m

oer_
o_.
o_5

_O1

0702

0703
VIV_

o7o_
1301
l&Ol

Biomedical (excluding OlOl and 0102
Behavioral
Radiation Environment

Micrometeoroid Collection

• Capillarity Studies

Kinetics and Dynamics of Vapor/Gas Bubbles
Liquid Drop Dynamics Studies

,Pool Boil.i_g in Long-Term Zero "g" Environment

Nucleate Condensation of Fluids in Zero "g"
Density Gradient of a Fluid at Near-Critlcal State
Crystallization Studies
Cosmic Ray Emission

Emission Line Radiometry

Intermedlate-Size Reflecting Telescope
Manned Coronagraph

Gamma and X.ray Telescope
Radio Astronomy

Effects of Space Environment on Structures

"Personal Hygiene and Food Technology

Equipment
Location

LEM Stage
CM

Ase Desc

X

X

X

X X

X

X

X

X

X

X

X

X

X

X

X

J(

X

X

X

,7.L---exlll |Bin, no
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2. EXPERIMENT DESCRIPTION SUMMARY

FLIGHT - 523

EXPERIMENT: 0100-0200 - Medical/Behavioral Experiments - The Medical/Behavioral

Experiments are intended to evaluate the effects of prolonged space flight on man

and to enhance his operational efficiency to permit more extensive manned space
flight missions. Twenty-four experimental measurement packages have been defined

to analyze critical human functions and to focus on those most likely to be affected
adversely by prolonged space flight. Procedures and instrumentation employed in

the experimental packages are a composite of updated, standard medical/behavioral

and imminent state-of-the-art zero-g adapted, techniques. These procedures should

provide: i) an assessment of the effects of prolonged weightlessness on the psycho-
physiological integrity of the astronaut, 2) a determination of the mechanisms which

mediate observed changes, 3) a prediction of the onset and extent of degraded func-

tioning, and4) a validation of preventive or countermeasures which may be necessary
to support man's extended exploration of space.

NOTE

Experiments 0101 and 0102 require linear and/or rotational

accelerations, such as would be obtained during a firing of

the SM engine or during the artificial gravity experiment, in

order to achieve all of the described experiment objectives.
These experiments have been excluded from missions which lack

sufficient SM propulsion and/or the artifical gravity experiment.

EXPERIMENT: 0_01 - Radiation Environment Monitorin 6 - The objectives of this ex-
_erlment are to record radiation received by the crew, and to furnish external

radiation environment data for other experiments. Techniques for the Apollo Mission,
or those employed in Tiros and OGO, will be used. Detection devices proposed for

the monitoring systems are: Proton-alpha and electron spectrometers, tissue equiva-
lent ionization chambers, and film packs.

EXPERIMENT: 0504 - Micrometeoroid Collection - The objective of this experiment is

to determine physical and chemical properties of the dust cloud surrounding the

Earth. Exposed collector plates will trap particles. Variations in exposure

duration will aid in the discrimination of differences due to shower activity.
Particle velocities will be used to differentiate between those in geocentric or
solar orbits.

EXPERIMENT: 0601 - Ca_illarity Studies - The objective of this experiment is to pro-

vide kn6wledge of interactions of matter, at simultaneous solid/liquid vapor inter-

faces, through systematic study of capillary flow statics and dynamics at zero-g.

Static measurements of wetting angles w_ll be made of height and diameter of
spherical zones of various liquids on various test surfaces. Dynamic measurements

of capillary height will be made by timing flow in tubes of different diameters and

materials. A radio isotope tracking device will be used to determine interface

distance-time relationships for transparent and non-transparent tubes. Motion

pictures will be taken of the transparent tubes. A secondary objective is the
development of a compatible theory.

EXPERIMENT: O602A - Kinetics and Dynamics of Vapor/Gas Bubbles In Free-Fall

Liquids (Far Fr_ Walls I - The objective of this experiment is to determine the

mechanisms controlling free (non-surface) nucleated boiling, and the kinetics of

bubble growth and collapse, under transient conditions, free from convection in the

liquid or liquid migration; and to study dynamic modes of vapor-liquid interface

lib
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oscillations in suspended bubbles, and _he dynamic modes associated with the

coalescence or fractionization of two or more bubbles. Cinematography will be used

to study the motion of liquid/vapor-gas interfaces in free bubbles within a liquid.

A temperature and pressure controlled chamber will be used. Liquid, temperature,

pressure and excitation modes will be varied.

EXPERIMENT: O602B - Liquid Drop Dynamics Studies - The objectives of this experiment

are: To determine the fluid dynamical behavior _instability condition, and oscil-

latory, fragmentation, fissioning modes, etc.) of freely suspended liquid drops sub-

ject to different disturbances and to perturbations arising from the coalescence

of various size drops; and to study kinetics of miscibility and drop dynamics re-

sulting from colescence of different liquid drops. Drops of various size and

liquids, with attendant differences in surface tension, viscosity and density, will

be freely suspended in a well-stabilized spacecraft. Induced perturbations will be

observed by stereoscopic camera. Small controlled gas jets will facilitate per-

turbation and manipulation of the drops.

EXPERIMENT: 0603A - Pool Boiling In Long-Term Zero-G Environment - The objective

of this experiment is to acquire knowledge of bubble growth rates, interaction of

growing bubbles, hydrodynamic stability of bubble columns and nucleation criteria.

Boiling from a heated surface would be observed optically. Direct images and

shadowgraph would be used to examine bubbles and thermal layer.

EXPERIMENT: 0603B - Nucleate Condensation of Fluids In Zero Gravity - The objec-

tive of this experiment is to study initiation of a pure substance in zero-g. A

llght-scattering technique would be used to observe the onset of nucleate condensa-

tions in a sealed vessel with chemically clean interior containing a pure fluid.

Droplet growth to be observed photographically.

EXPERIMENT: 0604 - Density Gradient of a Fluid At a Near-Critical State - The

objective of this experiment is to study pressure, volume, and temperature behavior

of near-crltlcal fluid under zero-g. A bomb cell with light source, lens, prism,

thermostat and two view-windows, will be used to determine density gradients via

diffraction of light. The constant-volume cell will be heated slowly until enter-

ing the critical region, and then maintained at constant temperatures. Light

scattering technique can also be used to measure the magnitude of fluctuation.

EXPERIMENT: 0605 - Cr_stallizatlon Studies - The objectives of this experiment

are: to provide information on relationships between the character of crystalline

materials and their mode of formation, and to use unique facilities for crystal

fabrication in a manned zero-g laboratory; and, to prepare samples of a character

which can not be produced terrestrially for solid state investigations or for use

in other space experiments. Samples of various pure materials and compounds will

be manipulated within a meltlng/solldlflcatlon diameter filled to an appropriate

pressure with an inert gas (e.g., argon) and heated by illumination through a
window from a solar concentrator. Molten samples will be allowed to "float" by

propelling the laboratory so as to prevent wall contact while they cool due to

radiation and gas conduction below their crystallization temperature. Supercooled

liquids will crystallize and the solid samples will be removed from the chamber

for metallographic examination on _ -_ .....

ture, low meltingpolnt materials (e.g., organics) will be purified and crystal-

lized in a separate floating zone furnace, with proper thermal controls. Samples

recovered would be studied later on Earth.

-- - -rim _ ....

z_.., ..:,L-,
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a Charge r iatio ,
indirectly - a measure of the intensity an_'_'_l_ _[bu_len at several times

in the solar cycle. Some data may also be obtained on_ _ r_y flt_x, spectrum

and source. Paths of cosmic rays leave lines of darkened gralrm_ iZa three-

dimensional photographic emulsion made up of a large number of thin she_ of

sensitized gelatin. When a particle decays into two or more sub-particles, the r_

of each sub-particle can be seen, and measurements of the resulting angles define

the momentums of each. Film packs will be mounted to the exterior of the vehJ,"Le

during flight. The astronaut will initiate automatic predevelopmen_c of the film.

EXPERIMENT: 0701 - Emission Line Radlometr_ - The objective of the experiment is
to determine the distribution patterns and densities of interstellar gas. A

radiometer s basically a Michelson interferometer, operating in the IR region and

recording the photoelectric signal output on magnetic tape will be used for this
experiment. "

EXPERIMENT: 0702 - Intermediate Size Telescope for High Resolution Photography

and Photometry in Astronom_ - The objective of the experiment is to perform high

resolution photography in visual and UV and perform associated calibration

photometry. The telescope will have a hO" diameter reflecting prima_y equipped

at the Cassegraln focus for a UV field camerap automatic plate camera, photometer
and slitless spectrograph.

EXPERIMENT: 0703 -Manned Coronagraph - The objective of the experiment is to

examine the structure and phenomena of s_lar corona above 2° from the sun's limb,
with design provision for extension to i- from limb for correlation with data

obtained from Coronascope II. The equipment will consist of an Evan's coronagraph

utilizing an external occultlngdlsk to block the bright light of the sun's disk,

thereby permitting the Lyot telescope behind it to detect features in the adjacent

area of the sky as much as i00 million times fainter than the sun. By insertion

of selected filters and polarizing elements into the optical path, it is possible

to make both spectral and plane polarization investigations of the outer corona in

addition to the white light observations of intensity and structure.

• EXPERIMENT: 0704 - Study of Nearby Solar-llke Stars (e.g. t Epsil0n Erldani and

Tan Ceti) in X-ra_s. - The objective of the experiment is to detect X-ray radia-

tion from nearby F and G stars, in particular T Cet and • Eri; and to measure their

rotational periods by observing the time-variatlon of the X-ray flux as the
sources appear and disappear over the limb of the star. The experiment consists

of a large aperture photon counter that accepts X-rays between 8A ° and 20A ° with

1/2 degree collimation. An anticolncidence scintilatlon cover is used to exclude

background counts.

EXPERIMEHT: 0705A - Ratio Astronomy 1-5 mcps Range - The object of this experiment
is to obtain a mapping of the galactic noise in the 1 to 5 mops range; to

determine the location and magrgtude of these noise sources; and to determine the

relationship of signal strength and frequency. The equipment to perform the

experiment consists of an Interferometer receiving system including two physically

independent antenna structures; one will be deployed from the LEM Lab, the other

will be deployed from an SMS. Each structure consists of two i00 ft. dipoles

.......... • m •
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separated 250 ft. The two antenna structures will be separated by a measurable

amount (greater than 2000 ft.)

EXPERIMENT: l_O1 - Effects of Space Environment on Structures - The objective

of this experiment is to provide the data for further development of advanced types

of expandable, erectable, and inflatable space structures. The experiment on this

flight details, specifically, a large inflatable type structure. The chamber

volume of the inflatable space structure will be 405 cubic feet. The structure

will be tethered to the Lab. The astronaut will conduct experiments within the

pressurized chsmber. The experiments will include: determination of leak rates

and thermal factors; meteoroid penetration; radiation and vacuum effects on organic

materials; deployment and inflation of the structure; alrlock operation; application

of chamber for living, sleeping and exercising; and, astronaut extravehicular

actlviti_s.

EXPERIMENT: 1401 - Personal Hyglene and Food Technolog_ - The objectives of this

experlmen_ are to test, evaluatej and develop techniques and equipment for the

following: feed stor-=_e, _aratlon, eating, salvage, and waste disposal; tooth

and gum cleansing; gargle and mouth wash; bathing or washing; shaving and collec-

tion of cut whiskers; hair and nall clipping and collection; defecation and feces

collectlon, reduction, and storage or disposal; urine collection, storage, and

water recovery.; and cleaning of clothing and bedding. Evaluation will be made by the

astronauts of the effectiveness, convenience, comfort, and operation of the equip-

ment and techniques as opposed to specific quantitative measurements.
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3. EXPERIMENT/SPACECR_ INTEGRATION

3.1 Mission Definition

Flight 523 is best described as an astronomical and physical sciences flight. The

experiment list is heavily weighted toward Astronomical and Physical experiments,

however, experiments associated with investigations of micro-meteorites, gamma rays

and a series of biomedical experiments are also carried. It has been assumed that

by the time this flight is flown the character of the biomedical experiments per-

formed in earlier flights have changed from investigatory to countermeasures.

Consequently, specific biomedical experiments are not broken down within the basic

time blocks.

The flight plan was affected by the differing orientation modes of four experiments:

Type of Experiment

• Astronomical (0701-0704)

• Radio Astronomy (0705A)

• Solid, Liquid, Gas Experiments

(0601-0605)

• Inflatable Space Shelter (1301)

Attitude Required

Inertial Orientation

Earth Orientation

• Free Drift

Tethered

These modes occupy the following positions in the flight time-line:

• Radio Astronomy

• Tethered Shelter Exp

• Solid, Liquid, Gas Exps

• Astronomical

Days i through 14

Days 15 through 13

Days 15 through 20

Days 21 through 44.

The order of performance can be varied for the major time periods: days i to ik,

15 to 20, and 21 to 44, to initiate experiment groups earlier or later in the

flight. Variations may be made freely subject to the following considerations:

• The size of the antennas on the Radio Astronomy Experiment

(0705A) restricts the spacecraft to earth orientation as

long as they are deployed. The time period between ex-

periments is too short to consider any experiment except

those that are earth oriented or have no orientation re-

quirements. The flight schedule required for this experiment

time period can be improved by:
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i. Adding another earth-oriented experiment compatible

with 0705A.

2. Adding another experiment that is not attitude-

dependent.

3. Transferring the O705A Experiment to a mission that is

primarily earth-oriented.

• The Astronomical exper'n_nts may be performed in blocks of days

interspersed with other experiment blocks without significant

loss of efficiency. Only the X-Ray telescope experiment (0704)

will be affected, since it requires regular operation over a

significant time period. The present schedule is not the most

desirable for this experiment, because it delays initiation

until the 21st day, preventing observation of a full cycle of

expected X-Ray activity within this flight. It is expected

that the Astronomical experiments will continue on Flights

229 and 23O.

Table 3-1 Stm_narizes the Analysis. Table 3-2 and 3-3 present the crew schedule and

experiment equipment mission profile, respectively. Additional significant statis-

tics applicable to Flight 523 are:

Spacecraft Inertially Oriented

Spacecraft Earth Oriented

Spacecraft in free drift

Angular Reorientations

EVAs (2 occur together on day No. l)

608 hours

330 hours

142 hours

348

ll

Scheduled work averages 9.15 man hours per day. However the amount of effort that

an astronaut expends differs greatly from one category to another. For example:

the Radio Astronomy and systems checks require full attention; t_e Tethered shelter,

Solid-Liquid-Gas Experiments, Biomedical and EVAs require physical participation;

the Astronomical experiments require periodic monitoring after physical activity
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Astronomical 499.8 24.

Systems Checks 92.8 Interspersed

Bio-Medical 278.6 Interspersed

Misc exp 37.1 Interspersed

EVAs 72.0 Interspersed

Total 1,220.4

Scheduled work averages 9.25 manhours per day. However the amount of effort that

an astronaut expends differs greatly from one category to another. For example:

the Radio Astronomy and systems checks require full attention; the Tethered shel-

ter, Solld-Liquid-Gas Experiments, Biomedical and EVAsrequire physical partici-
patlon; the Astronomical requires periodic monitoring after physical activity in

orienting the Experiment.

This disparity in work requirements is balanced in scheduling. Where the work
load requires maximumparticipation from the Astronauts (days 1 to 20) the work

day averages 7.8 hours. In days 21 to 45 where periodic monitoring of the astro-

nomical equipment becomesa major activity the work day averages 9.5 hours.

Throughout the flight the following guideliues were observed:

• Oneman is in the CMat all times.

At least 2 menare awakeat all times, except for day 45

where two mensleep simultaneously, prior to beginning
reentry mode.

• During EVAsthree menon duty.

• Biomedical time is scheduled simultaneously for two men.

Eating and rest periods are grouped for social activity to

the maximumextent possible.

_L .,-- ....... _ IAI
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This disparity in work requirements is balanced in scheduling. Where t_e work

load requires maximum participation from the Astronauts (days 1 to 20) the work

day averages 7.8 hours. In days 21 to 45 where periodic monitoring of the astro-

nomical equipment becomes a major activity the work day averages 9.5 hours.
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TABLE 3-2 CREW SCHEDULING, FLIGHT 523 , SHEET ]_,J__OF 12 2-13.15

DAY

[]
0:500

20

O190

:'0

4'0

0200
PC

_.j

0300
,r

,w

4O
C I; "}0

q(

0500
20
40

0600

20

aO

0700
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2 o
ao

_c

,0
] oO0
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.'_0

]]oo
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•'40

] 2 oO
_o
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i 4OO
:'0

'tO
1400
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i40

]500
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_0
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u'

h(]
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'0

1800
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l :;00
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q 0

',"/)0
JO
q 0

2100
;'0
'hq

2.00

40

2 '{00

20

tit o

CR E%'MER ACTIVITIES

2 3 'i

ga

Sleep 0100
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E/Hy6

<TC:,A

CHEWMFN ACTIVITIF. q , DAY _

E/Hyg 40

0 :',5A 0100 t
: 2o I

R_st : 40 1

: 0_00
I: 2C

: hO I

I o, o
40

0';00
20

: 05,90
20
,aO

:0<00
2O
4O

: 0700
E,'_yg ?0

_0

R_st : 0_O0
20

40

, 0900

', IOOO

2O

40

; floe

Rest _ 20
ZlO

1200

gl_y_; 20
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,'i300
0100- 0 i'JO- { 20

0203 0200 ? 40
; 1400
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',U

,'1500

2O

' 16oo

R,'6t _ 20
q-O

Slee I ,_ !700

E/H} < _ 20
_0

1300
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• l:,Ou07%A i _ - *'
20
uO

2000
20

_, 40 I

20
40

i 2200
2ol
2,0
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Sleep : 20

E/Hyg Eat & Personal Hygiene

Li_Its of Experiment Time.Limlt_ _f EVA



TABLE3-2CREW SCHEDULING, FLIGHT 523, SHEET_2._OF.iP._.
2-13.16

DAY _ CREWMEN ACTIVITIES
_c

[] o_ _ 2 3

DAY _ :REWMENACTIVITIES DAY _ CREWMEN ACTIVITIES

2 3 171o 1
OOO0 OO00

20 20

E/HyE 40 E/Hyg 40

0yOgA :__ 01oo 0705A 0100
20 20

Rest Sleep 40 Res_ Sleep 40

0200 020Q
20 20

0100- 80 0100- 40

0100- 0200 0300 0100- 0200 0300
02O0 20 O200 20

40 40
0400 04OO

E/HFg 20 E/HyE 20
E/HyK 40 E/HyE 40

0500 0500
-_ 0705A Rest 20 -- 0705A Rest 20

__._ 40 40

O6OO _ O60020 2O

4O 4O

O700 0700

E/Hyg 1401 20 E/Hyg 20
4O 40

Rest 05O4 0800 Rest 0800
20 20

Sleep 40 Sleep 40
o9oo _ o90o

20 _ 20
0705A 40 0705A _ 40

I000 _ tOO0
20 _ 20
40

II00 i 40II00

Rest 20 Rest 20

4O 4O

E/Hyg E/Hyg E/Hyg E/Hyg _

1300
13 RestRest 0100- 0100- 0100 20

0200 0100- 40 @200 0200 40

__ 0200 1400 12;00

20 20
r_7_A _0 070 _A -- _< 40

15oo _ 15oo

- --4 20 _ 20
ao _ _o

i 1600 --_ _ 1600
20 Res_ _ •

Rest _ _O 4o

Sleep 1700 Sleep _ 1700
E/Hyg 20 K/}{yg _ 20

40
18 . 1800

40 EIHy_ _ ;
E/Hyg O705A 19OO 0705A 1900

20 20
40

20OO
Rest x,,_ 20

__ E/Hyg E/Hyg _ 21 _O

2200
._ 20

Rest ._
40

Sleep __ 2300

_ 20
Rest _ _ 4n

DAY _ CREWMEN ACT_ITIES

l
1 oooo

-- _ 20
E_yg _0

OlOO 07O5A
0705A ,_ 20

Rest
Sleep i qO

0200

E/Hyg

Rest Sleep

2o
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0:_00

---- E/Hyg 20 £_yg
E/Hyg 40 E/HyK

O5OO
0705A Rest 20 0705A Rest
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E___ 1209
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" _o "....
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Z_O 02C'C 017 S
0200 0200 ,,ii1400
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__> ' '_0 C,705k
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"_ 2o
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Rest _ o _es t

1700 S ]sep
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2c

E/Hyg _ _0 R-:st
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_ 20

_0 I * <0

2OO0 iRest _ 20 Rest _____ 2000

'!i
__ 21.0

E/Hyg E/Hvg _ L_O g ! 2aO0
2100 E/_'.-g

__ " _ 20 __ " _ 20

2200 _ 2200

aO _ 40

o300 Sleep _ 2 _O0Sleep !!

• ;_ " 20 _ "20

I I ..... II I I

q

E/Hyg Elq_yr

Repl Snpt S:_ b
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......11 I t ,
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TABLE 3-2 CREW SCHEDULING, FLIGHT 523 , SHEET a.___._OF..L_

CREWMEN A CTKVITI_I$

1 2 3

E/_yg
O705A

Rest Sleep

0!00_

0100- 0200
0200

z/Myg

0705A Rest

O=0a

E/H yg

Rest

Sleep

0705A
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Rest;
0100
0200
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Sleep
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Rest

__ E/_yg
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Rest; --
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: 0000
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80
O8OO
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Rest 20
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1200
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0100- : 20
0200 : _0

i 14OO

20
, 40
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' 20

: . ;40
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Rest i 20
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20
40
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CREWMEN ACTIVITIF.S _ DAY
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Sleep _ 20
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0109- 0200 _ O300
0200 _ 20

_o
,_ 0]_OO
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TABLE 3-2 CREW SCHEDULING, FLIGHT 523 , SHEET____OF 12 2-i3.19

DAY _ CREWMEN ACTIVITIES _ DAY
;

C300

>'0

40 E/Hyg
0100

2O
40 0602A Rest

0200
2 n
40

0300
20
4O

oAo0

20 E/Hyg
4O

050o

CRF_MEN ACTIVITIES _ DAY _ CREWMEN ACTIVITIES
_N

.. ,_

_ 0000 5501 0000
20 _ 20
40 a0

'_ OlOO E/Hyg 0100

Sleep _ 40 Rest Sleep _ .40
_ 0200 ,:70" _ 0200

"_ 2o Setup _ 20

_ o_oo _ o_oo
Rest _ _ 20 20

_ 40 0602B _0

0_,01 -_ OaO0 Setup 0400

E/Hyg" _ _ 20 -- E/Hyg 20
E/Hyg 0504 _ _ 40 40

_" -----_ 0500 E/Nyg 0500

Rest !i 20

0602A

0703 --_

Setup E/Hyg

DAY _ CREWMEN ACTIVITIEg

£5,:I

Rest

---- Sle_p
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E/q4yg E/Hyg !_ 2100
' 20

_ aO

--!_ 2200
0100- 0100- _ 20
0200 0200 _ _0

2300
Sleepil 20

I _"^" 40_,_ _ ....

Rest 20

oioo- OleO.,-!o_o
0200 0200 _ t -0

,' O700

_/_ i ?_o
,' o800

Rest ! 20
Sleep __ _ :_0

__ 0602B _ 0900

O7OlSetup_ 20
0

__ _iooo
20

40

o7o_ ,, 1]oo
070_ E/Hyg , i 12_

g/Hyg E/Hyg .--Reet " .' 4020

',: 1300
0602B Rest ',', 20

!', 40
:_,1400

-- ;'. 2O
O602B ;i 40

',', 15o0
:: 20

--ii 16o 
0602B Rest ,_ 20

',: 4o
_i: 17oo

C502B !Sleep E/Hyg ',: 20
: 4O

:! i8oo
;: 20

z/_ o7o4:!i%_o
_i 40

i i 2000

Rest -- ',', 20
E/14y_ -- : 40

-------q, i 2_oo
E/Hyg :: 20

0100- O100- : ' aO
0200 0200 _ ! 2200

; 2O
40

Sleep ', 23_

Re_t :i 40

E/Hyg 0623:,
£etu_

Rest

Sleep 070_

0703

0701

Rest

E/HyK E/Hyg

Rest

Rest

0603A

0603A

Rest

Sleep

O6O_A E/Hyg

8_88- _88-

E/Hyg o7oi

Rest Res_

EWgyg

oloo- OLOO-

0200 0200
070_

-- t Rest

07O2

Rest Sleep

I I
NOTE_
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TABLE 3-2 CREW SCHEDULING, FLIGHT 523 , SHEET 6__._OF 12 2-L _.,'<'

DAY _ CRE_rdEN ACTIVITIES _._ DAY _ CREWMEN ACTIWITIES

1 2 3 i
DAY _ CREWMEN A,2TIVITIf3

L

OOCO

/%
9!OO

['O

4O

40

0 _OO
20

4O

0400

wO

hO
(]r,o0

20

4O

O6O0

40

O700
20

0800
20

4O

09OO

20

40
1000

20
aO

11;10
£0
_0

12OO

LO

4O

1300
20

iJO

400

20
_O

1500
2O

40

!600

f
_77o

f
1800

2o

aO

1900
2O

40
2OOO

2O

4O

2100
20

4O

22OO

2O

23_
20

UO

21,OO

OOOO

EA_yg EA_yg 2o
4O

oi00

Rest Rest 20

40

0_OO
0501 _ 20

370_ _ Sleep ._ 40

o3oo
90

OlOO- 0100- • 40

0200 0200 0_00

2O

____ __ 40

E/Hyg 0703 0500
E/_y_ _ 2o

40
-----_-_-_i 0600

2o
Supt E'VA Supt 40
EVA LIOH EVA 0700

20
aO

"_g _--' 08OO
Rest 2Q

__. 0100- 40

0200 0100- _ 09000

0200 _ 40

I0OO

200702 E/Hyg 40

IiOO
Sleep Rest 20

--4 40
1200

E/Hyg O701 20
4O

O704 1300
20

Rest 0703 _0

1400

0704 20
40

1500
E/Hyg 0701 20

40

Rest 16OO
2O

E/Hyg hO

0702 Sleep __ 17OO
20

0704 Rest 40
18oo

20

E/Hyg O70_ 40
19OO

20
0703 aO

2OOO

20

Rest E/Hyg -- 40
21OO

E/Hyg 20

40

2900

20
0702 aO

Sleep 2300
2O

Res_ I I 40

1

Sleep

2

' _ oooo

Rest $_ 20
,',' 4O

0702 _ OlOO
_ 20

Sleep _ /40
0200

E/Hyg _ 20

0702 _ o300

Rest _ 2040

04O0

E/Hyg _ g/_l:,, g 20
140

0703 ,- 0500
Rest Rest _ 20

0704 __ 40
06 OO

0100 -

0200 0100- _ 20

0701 O2OO O7OO
20

4O
o800

2o

ao

o9.oo

2o
_o

1000

2O
4O

l]OO

20

4O

1200

I
Rest 0703

070_

--i E/Hyg
0701

E/Hyg E/Hyg

0100-
0200

0100-

0200
Rest

O702

Sleep

Ephyg

Rest

0702

DAY _ CREWMEN ACTIVITIES I

Rest

2O

o7o 113 
4O

1400
0701 20

0904 aO
1500

Rest " 20
&O

16OO

E/Hyg 20
_0

1700

Rest: 2O
4O

1800

2O

_0

19OO
0702 20

40
20OO

20
40

21_
40

"°Sleep 2300
2O

__, P_
Rest 0702

E/Hyg Rest

Rest ! O00020

4O

0702 _ 01OO

1401 20
Sleep .,O

0200

E/Hyg 20
40

0702 0_00
Res_ 20

hO
O_00

E/Hyg _ E/Hyg 20
40

07O3 05oo
Rest Rest 20

o704 40

0100- 06OO

0200 20
O100- 40

0701 0200 0700
20

40
0800

E/Hyg 0704 20

Sleep 40

OqO0

Rest 0703 20
&O

070a 1000

E/Hyg 20

0701 _ _40] 100
Rest _ 20

_0

1200

E/Hyg E/Hyg 07o3 _ 20

07o4 _ i 3o_
0100- 0501 !0200 _

0!O0- /40

02OO l a00
Rest 0701 20

o_o_. 40

1500
Rest 20

40

--'_ 1600

O7O2 E/Hyg 20
hO

i7oo

20

Sleep 40
18OO

E/Hyg 20
4O

1900
O702 2O

40

2%oo
40

2100
Rest 20

4O

22002O
_0

Sleep _ 2300

20
Refit 0702

4O

40_

Reset

E/Hyg

0702

Rest

--"_ <:702

SI ,: [

E/_yg

0702
Rest

E/Hyg _ E/Hy::

0703
Rest Rest

0704

0100-

0200
0i{_0-

o701 0200

E/Hyg 0704

Sleep

Rest O703

0704

_y_

o701

Res_

E/_yg E/Hyg 0703

OlOO_
0100- 02OO

0200
R_st 0771

Rest

0702 E_{yl

Sleep

E/_yg

0702

Res_

E/_yg Rest

0702

Sleep,
Rest 0702

NOTES



lib--.- ........ _ .

DAYi _D o

0000
2O
4O

0100

20

4O

0200
20
40

O]O0
2O

4O

0400
20
4O

o5o0
2o

4O
o6oo

2o
4o

o7oo
2o

4o
o8oo

2o
4o

o9oo
?o

ao
io0o

2o

4o

llOO

2O
4o

1200

2O

4O

]300
2O
40

1400

2O

40

1500
20
4O

1600

20

4O

1700
2O

4O

1800

2O
4O

1900
20

4O

2OOO
2O

4O

2100

20

40
220o

20

4O

23OO
2O

4O

24OO

NOTES

TABLE 3-2 CREW 8CHEDUL_G, FLIGHT 523 , SREET_OF 12 2-13.21

cREWM_ ACTIVITIES DAY _ CREWME_ ACTIVITIES

1 2 3 1 2 3

0OOO

Rest 20 ; Rest
a0

0702 01O0 _ 0702
20

1401
Sleep 40 Sleep

0200
E/Hyg 20 E/Hyg

__ 40
0702 0300 0702

Rest 20 Rest

'nna'O

-- -- 05_ -- 0703 --
0703 Rest ! 20 Rest Rest

Rest _ _0 070_

0100- 06OO - 0100-

20 0200
0200 01OO- 40 O100-

4O

01OO

20
ao

0200
20
4O

12o03OO

UO
_0400

20_ 4o

_ _o
_ O6OO
t 2o
t 4o

0701 O2OO 0700 O701 0200 _ 0700_o _ 2o
4o _ 4o

E/Hyg 070_ _ E/Hyg 0704

Sleep i 40 Sleep _ 40

_ o9oo _ o90o

Rest 0703 _ 20 Rest 0703 20

O704 IOoo 0704 i000

E/Hyg 20 _ E/Hyg 20
o701 •< 40 0701 40

llOO llOO
Rest _ 20 -- Rest 20

1200 1200

E/Hyg E/Hyg 0703 _ 20 E/HyE E/Hyg 0703 20
40 40

0704 '_ 1300 0100- q_--! 130020o_oo _ 20 o2oo ,
OLOO-o2oo _ 4o OLOO- 4o
0200 I_OO 0200 1400

Rest 0701 20 _est 0701 20

o_o_ ! 40 9_oa 4o
1500 1500

20 Rest 20Rest
40 aO

-- _ 16oo 160o

0702 E/Hyg $ 20 0702 E/Hyg 20

__,_ 40 --_ 40
•• 1700 17OO

Rest _ 20 Rest 20
Sleep _ 40 -- Sleep _0

18o<) 18OO
2o Ez1_yg 2o

E/Hyg _ _O 40

1900 1900

0702 20 0702 _ 20
_ 40 _ _o

Rest _ 2000 _est 2000
20 20
40 ,, 40

21OO 2100

E/Hyg Rest 20 E/Hyg Rest 20
40 40

.0702 2200 0702 2200
2O 20
40 aO

Sleep 2300 Sleep 2_00
Rest 0702 20 Rest 0702 _: 20

_o _ 40

124oo i 24oo

I 2 31 o 1

20 Rest I 20

O702

0702

Sleep

E/Hyg

Rest

'_Zlyg_ E/H_g 20
ao

0703 0500
Rest Rest 20

oTo-_- _o
OlOO-" o6oo

2o
0200 0100-; 40

CREWMEN ACTIVITIES

2

E/Hyg _/14yg
4O

0100

20 Rest Remt

40

0200
20 -- Sleep
_0 0704

03OO

_ 20
_0 0100- 0100-

_, 04OO , ,0200 0200

E/Hyg 0703
S/Hyg

Rest

Supt EVA Su4_t

0701 0200 0700
2O

40
O8OO

E/Hyg O70_ _ 2O

Sleep 40

O9OO

Rest 0703 20
4O

07o4 _ooo

E/Hyg 20
0701 40

ii00

Rest 2O

o7o_ 40
1200

E/Hyg E/Hyg 0703 _, 20
4O

Olo0- _ 13_0100- 0200 O501

0200 1400
Rest O701 20

O5 O4 4O
15OO

Rest 20
4O

1"600

0702 E/Hyg 20
4O

1700

_es_ ,' 2O
Sleep _0

1800

20
E/Hyg _ 40

1900

0702 20
_0

,' 2000
20
40

2_00
E/}{yg Rest _ 20

40

0702 _ 220020

40
Sleep _ 2300

Rest 0702 _ 20
aO

2400

EVA LIOH EVA

R/_yg
Rest

0200 01O0-
O200

0[O2 E/Hyg

Sleep Rest

E/q_yg 070l

070_

Rest 0703

0704

E/Hyg 0701

Rest

E/Hyg

0702 Sleep __

0704 Rest

E/Hyg O70h

0703

Rest E/Hyg

" F E/_Yg

0702

Sleep

Rest

-C_.:I ....... L



TABLE 3-2 CREW SCHEDULING, FLIGHT 523 , SHEET 8 OF 12
2-13.22

DAY _ CREWM_ ACTIVITIES _ DAY __ CREWMEN ACTEVITIES

, 2 3 iDo 1 2 ,
0000 _ 0000 oooo

20 Rest 20 Rest 20

40 4O 40

0100 0702 01OO 0702 OIOO

20 1401 20 20

hO Sleep 40 Sleep hO
0200 0200 0200

20 E/Ryg 20 E/Hyg 20
40 • 40 40

0300 0702 0300 0702 0300

20 Rest 20 Rest 20

40 40 40

_am 0400 0400

-20 E/Hyg _ Z/Hyg 20 E/Hyg 07_ E/Hyg 20
40 40 40

0500 0703 -_ _ --
0500 0703 _ 0500

20 Rest Rest _ 20 Rest Rest _ 20

40 _ _ 40 o7_ _ 4o
2 0200 _ 20 0100-
40 0100- _ 40 0200 0100- _0

0700 0200 _ 0700 0200 07OO
20 0701 20 0701 20
40 40 ao

O800 O8OO o800

20 E/Hyg 0704 20 E/HyE 0704 20

l;O Sleep 40 Sleep 40

0900 0900 0900

20 Rest 0703 20 Rest 0703 20
_O _O 40

i 000 _ iOO0 0704 ] OOO

2'0 E/Hyg i 20 E/1_yg 20
_40 0701 __, 40 0701 40

Ii00 ii00 --_ Ii00

20 Rest 20 -- Rest 20

_o 0704 40 o7o'---g-- _ 40
1200 1200 1200

LO E/_yg E/Hyg 0703 20 E/Hyg E/Hyg 0703 _ 20

ao 40 i 40

13oo _! 13OO _ 1300_0 0100- 0100- i
0200 _ 20 : 20

40 0lO0- 40 0100- 0200 !_ 40
I_00 0200 1400 O200 • 1400

±'0 Rest 0701 20 Rest 0701_ _ 20

_o o_o4 4o 0504 _o
1500 1500 1500

20 Rest 20 Rest 20
_0 40 40

i6oo 16o0 16o0

20 0702 E/Hyg 20 0702 E/Hyg 20

40 __, 40 40
1700 1700 1700

.:0 Rest 20 _ 20

40 _ Sleep 40 ---- Sleep 40
18oo i8oo 18oo

20 E/Hyg 20 g/Hyg 20
40 40 40

1900 1900 1900
20 0702 20 0702 20
40 40 40

2000 Rest 2000 Rest 2000

_0 20 20

40 40 40

2100 21OO 2100

20 E/Hyg Rest 20 :g/Hyg Rest 20
40 40 40

2200 0702 2200 0702 2200
20 20 20

40 _0 ,40

2300 Sleep 2300 Sleep 2300
20 Rest 0702 20 Rest 0702 20
40 40 40

2_00 2_00 2400

DAY _ CREWMEN ACT!_'ITIES _ DAY _ CREWMEN ACTIVITIES

1 2 3 1 2 3

Rest

0702

Sleep

E/Hyg

0702

Rest

0703

Rest __Rest

0704

0100-

0200 0100-

0701 0200

E/Hyg 0704
Sleep

Rest 0703 i

07Ol

Rest

S/Hyg E/Hyg' 0703

0100-
0200

0702

E/Hyg :

Rest

0702

Rest

OOO0

20 Rest

40

OIOO 0702
2O
40 1401

Sleep
0200

20 E/Hyg
40

0300 0702
20 Rest
_0

0_400

40

0500 0703
20 Rest Rest

_0 070_
O6OO

20 OIOO-

40 0200 01_)-

07.OO 02OO
20 O701

_0

O8OO

20 E/Hyg 0704

aO Sleep
09OO

20 Rest 0703
ao

ioao o7o4
20 -- E/Myg
AO 0701

llOO

20 __ Rest
_o o70_-

1200

20 g/Hyg E/Hyg 070_
40

oioo_,0o.__ 1300
0200 O501 _ 20 O100- -_

_0 0100- 0200 C501

1400 0200
Rest 0701 20 Rest 07%1

0_04 4o 05 -
1500

Rest 20 Re=:
40

i6oo

E/Hyg 20 0702 g/_,-
40

170o

2o
Sleep _*,0 Sleep

18oo

20 E/Hyg
40

• 1900

0702 _ 20 C7,:;2
_o

2000 Rest.

20
_o

2_oo

20 E/Hyg R_stE/Hyg Rest
40

• 2200 0702
1 20

Sleep _ 2300 Sltep

0702 _ 20 Rest 0702

t .0
_ 2400

NOTEs .

i, .....

_--]il_li_ I111r I i/ [: iIi • ,..--



DAY

D 'O

".000
70

40

0 ] O0

20
40

0200
2C
40

0 _,OO

70
4;

,94_)0

20

%q If)
J C)

0600

C

40

O700
30

0800

_C
_0

O.JO0
20

_0

IO00
U0

4O

i]00

20

4O
1200

2O

40

1300
20
40

l_400
2O

qO

1500

2O
40

1600

ZO
_0

70o
-0

40

see

20
4O

19OO
2O

_0

_000
2O
40

2100
2O
_40

2200
qO
_0

23o0
2O

40

2aOO

NOTES

TABLE 3-2

cREWMEN ACTIVITIES

1 2 3

Rest

0702

E/Hyg

0"/02
Rest

0703
ReSt

o7o4

OLOO-
0200

0701

E/Hyg

Sleep

Rest

070_

0701

070_

E/Hvg E/Myg

0100-
0200

0100-

020O

Rest

0702

Sleep

E/Hyg

E/Hyg

0702

Rest 0702

DAY

_ 0000

_ 2O

40

oi0o

2o

Sleep _ 40

._o2oo

._ 2O

0300
?o

o4oo

E/_yg _ 20

z_O

0500
R_st ._ 20

._ 4o

,% 0600
2o

0100- _ _0

o2oo _ o700
x'< 20

ao
08oo

0704 ._ 20
.'_ _0

o900
0703 _ 20

40

lO00

E/Hyg ._ 2O

40
1100

Rest ._ 20
40

1200

0703 _ 20
_o

o7o_ _ 13oo

_._ 2o
__,_ _o

_ 1500

Rest N 20
N ,0

1600

_/_ _ 20
4O

,_ 17oo

Rest _ 20
4O

% 1800

20

_0

0702 _ 20

N 20

_ _o
2i00

Re_t _ 20

_o
22OO
2o
4o

Sleep _ 2300

._ 2O

4O

2400

CREW SCHEDULING, FUGHT 523 , SHEET._2__OF 1__2

#
o

CREWMEN ACTIVITIES (_ DAY

1 2 "
J

i 0000
Rest _ 20

i .o
0702: _ 0100

20

Sleep _ AO
0200

E/Hyg ,_ 20
_ _0

07C2 _ _< 0300
Rest _ 20

_, _0

,_ 0_00
20

0703 i----------_ 0500

Rest _Rest !_, 20,0

OIOO- _ 0600
_0

0200
oi0o- _ ;_0

070i ,o200 _ 9?00

_ _o
,%0

I _i 0800

E/Hyg'070& _ 20
Sleep _ aO

_ o9oo

Rest 0703 _ 20

•_ 40

O70A _ IOOO
20

E/Hyg _ aO

O701 i.______ II00

Rsst _ 20
%

, 40

_ i200
20

E/Hyg E/}{yg 0703 !_
40

o_oo- o7o_i! l_
o oo_O20o i.o
0200 _ 14OO

Rest O701 _ _ 20

_ 15oo

Rest _ 20
40

----!__600
0702 E/Hyg_ 20

4O
--------Jl i7OO

Sleep i_ _0-- _ 18oo

E/Hyg !I 2O

-- !i 1_00
0702 i _ &020

!_ 2ooo
, 20

!i_ioo
E/Hyg Rest _ 20

' 40

0702 i_! 220020
_ 40

 leep i
Rest 0702

4o| _ _.

£

! 2

E/Hyg E/Hyg

Rest Rest

070_

-- 140!

<,l,h, ,- 3100-

>200 0200

E/H,,_ o7)3

Rest

St,pt EVA
_TA LiOH

E/Hy_"
Rest

__ ) 100 -

0200

b _

CREWMEN ACTIVITI_ i$ DAY

i 1 '

i' 9000
20

11 OlOO

;_ 2o
' _ _0

,'_ 0_00

Sleep i_ 20

O'<O0
11 P_o
_ t;0

,_0_00
_ 20

_ _0
-------1,' 0 _00

' _ 20
,E/Hyg _i

AO

---i,'i°6%o
s,,pt '! _,o
_WA ! ,' 07OO

20

', ,' 0800
----......-_ _

,,_ 2O
_ AO

01_0- ,'_ 0900

-- 0200 _ 20
,_ aO
,'iooo

-----_ ,' 20

_ 1100
_ 20

Rest I! IIO

:_ 1200

E/Hyg _, 4020

'_ 1300

o-;o_ i_ _o
Rest 0703 ;{ aO

$_ l&OO

o_c_!_,20
_0

--------] _ 1500

GiG ' __ 20

• 1600

_ 20

R_t i$ ,o
',,_ 1800

_ 20

_I 40

_..___ $ _900
20

o7o_ ,!_ _o
:_ 2000
'" 20

----<,_ .o
', _ 2_00

_/Hyg ',_ 20
;_ 40

-------q _. 2200
20

Sleep ;_ 2300
'" 20

i_ 4o

0302

Sleep

E/Hyg

Rest

0702 Sle._p

Rest R/Hyg

0702

I

2-1_.2_

CRI_MZ.N ACTIVITIES

g _ c 3

Rest

0702

Sleep

_/Hyg

0702

Rest

o703
Rest __ Rest.

0t04

O] ,)0-

0200
OiC0-
02CC'

0701

El_yg C704

Sleep

Rest C703

0704

0701

R.*st
9704 __

E/Hyg E/Hyg 0703

0100-
0200

0100-
,32_X_

Rest 1'7,,1

Rest

0702 E/Hyg

-- Rest
Sleep

E/Hyg

C702

R/Hyg Rest

0702

Sle_p

Rest 0702

I



DAY

Eli- ;=
o

?,

40

0100

20

40

"_;00
20

!i0

20

40

O40O

40

050;)
20

O600

J'o

40

O700

)o
ho

o809
,'o
40

09O0

PO
&O

! O00
-_0

qO
ioo

;0

AO

12 O0

20
4O

3OO
20

i_00

2O
_0

15oo
_0

aO

16OO

20
hO

/ 700
20

40
1800

2O

40

1900
2O
40

2OO0

20

40

21OO
20

_0

22OO

2O

_0

2300

2O
Am

[246%

NOTEs

TABLE 3-2

CREWMEN ACTIVITIES

I

Rest

0702

Sleep

E/Hyg

0702

Rest

E/Hyg

0703
Rest

0704

0100-

0200

O701

E/}lyg
Sleep

Rest

070_

0701

E/Myg E/Hyg

OLOO-

0100-, 0200

0200
Res_

0702

Sleep--

E/14yg

Rest

E/Hyg

O702

Rest 0702

DAY

N
_ 0000
_ 20

_ _0

O100

._ _o
0200

20
,_ hO

o3oo
2o

4o

o4oo

E/Hyg _ 20

o500
Rest _ 20

_o
,_ o6oo

2O
OlOO- _ ao

0200 _ 0700
2o

,_ ao
._ o8oo

0704 ._ 20
4o

o9oo
0703 _ 20

_o
:ooo

._ 1]oo
Rest _ 20

12OO
0703 _ 2O

20
._ _O

070: _ 1;_00

1500
Rest _ 20

_o
:600

E/Hyg _ 20
_o

17oo
Rest _ 20

18oo
20
_o

._ :900

0702 _ 20
._ _O

2000
2O

,_ 40
21OO

Rest _ 20
_o

2200

2oao
Sleep _ 2300

2O

CREW SCHEDULING, FLIGHT 523 , SHEET I0 OF 12

o
CREWMEN ACTIVITIES

1 2 3

Rest

__ 0702

I_01 Sleep

z/_yg

0702
Rest

E/Hyg _ E/Nyg

0703

Rest _ Rest

0704

0100-

0200 0100-

0200 :
0701

E/Nyg 0704 ,
Sleep

Rest 0703 :

E/Myg:
070]

Rest '

E/Hyg Z/Hy_ 0703

o704

0i00-
0200

O100-
0200

Rest 0701

0504

Rest i

0702 E/HFg !

__ Rest ,

__ Sleep

E/Hx_

0702 ;

Res__t

E/Hyg Rest ;

O702

Sleep i
Rest 0702

I

DAY

_ 0000

_ 2O
; _0

0100

20

aO

0200
20

c 0300
20

ao
f 0400

,' 2O
,' 4O

,'O5?O

20
_0

O6OO

2O

! 4O

0700
2o
_o

0800

20
_o

; OqO0
; 20
; qO
t :000

20
', _0

', llO0
20

aO

: 12OO

i 2O

i a9

]200
20

40
]_00

20
40
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3.2 SPACECRAFT DEFI_TION

Flight 523 configuration, shown in Figures 3-1 and 3-2, is primarily an astronomy

flight (0701, 2, 3, 4, 5A). The flight also carries bioscience (0100, 0200, 0501),

liquid/gas and solids behavior (0601_ 2, 3, 4, 5, 6), space structures technology

(1301), space environment (0504), and subsystems "development (1401) experimenth.

The laboratory portion of this flight stays in orbit 135 days, being resupplied by

two subsequent flights. The original Lab is resupplied by a CSM/Lab after h5 days,

extending the mission duration to 90 days. The resupplied Lab is then ejected, and

the second resupply payload (a CSM/LEM Descent Stage Rack) docks with the origi_al

Lab and extends the mission duration to 135 days.

The L_ guidance control station on the left side of the forward cabin is retained

to accomplish docking. The final docking operation, associated with each resupply

flight, is accomplished by the Lab. The Lab detaches from the original CZM, and

using the LEM RCS system and flight controls, docks with the resupply CSM. The

reason for flying the Lab for the final docking operation is to retain the docking

techniques and hardware developed for Apollo@ The Lab retains crew visibility for

the docking maneuver, and the LEMRCS and flight control system is readily available.

The original CSM parks alongside the Lab and resupply spacecraft, and the ret_irn crew

transfers to the CSM by EVA.

Support instrumentation is included with experiments carried on resupply flights,

earth orientation is required for two weeks to accomplish the radio astronomy and

cosmic ray emission experiments. During this period, the liquid/gas and solids be-

havior experiment apparatus is brought into the laboratory from outside stowage.

After the experiments are completed, the apparatus is returned to external stowage.

During this period, spacecraft stabilization input is provided by Lab-mounted star
trackers.

The astronomy experiments are all aligned parallel to the longitudinal axis of the

spacecraft, and are controlled from an astronomer's console on the right side of the

forward cabin. Access to the telescope and coronagraph is provided from inside the

Lab for readily changing cameras, magazines, and spectrographs. A T.V. view-finder

and star trackers provide inputs for orientation and control. Spacecraft pointing

accuracy for these experiments is ±1/2 ° . The telescope and coronagraph are gimballed

and incorporate fine error sensors to meet individual experiment requirements.

As shown on the inboard profile, Figure 3-2, adequate internal volume is available

to accommodate experiments. A seven day supply of LiOH and all but about 6 cu. ft.

of food required for the mission is stored internally. Expended food and LiOH is

replaced from external storage by scheduled EVA's.

The radio astronomy antenna arrays, space structures experiment _d micrometeoroid

collection apparatus are mounted externally on the descent stage. The radio astron-

omy antenna arrays are deployed manually during an EVA. The portion that remains

attached to the spacecraft must be restowed upon completion of the experiment.

Supporting electronics and spares for experiments are carried in the aft equipment

bay of the A/S. Structural modifications to the LEM A/S are limited to the in-

corporation of an air lock below the floor panel in the forward cabin to acc_n-

modate the coronagraph. The telescope air lock is designed to mount in the ex-

isting ascent engine hatch. D/S structure must be reworked to accommodate the

coronagraph. Supports for all other items can be added without modificatfon.

-- --,i | _i _ i | ......
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Pointing and stability propellant requirements beyond the RCS propellant capacity

of the CSM versions are accommodated by the laboratory. Sufficient LEM RCS tankage

can be provided for the "C" -version requirements, but an additional propellant sup-

ply mounted on both the A/S and D/S is required for the "D" -version. Sufficient

RCS propellant is also included on this flight to satisfy the requirements of the
second resupply vehicle "D" version.

In addition to the standard CSM/L_4 interface, this flight requires additional

wiring to accommodate the pointing requirements of experiments. Interface wiring

includes horizon scanner and star tracker sensory inputs used to maintain attitude

hold, and command data from the Lab flight controller for manual control of space-
craft slewing operations.

The difference between "C" and "D" versions of the Lab are the addition of one

Apollo X 02 and one Apollo X H2 tanks, added fuel cell reactants, and the addition

of one FCA. Also, the FCA radiator is increased by 20 sq. ft. These modifications

to a "C" -version Lab accommodate the added power demand of the "D" -version re-

quired by taking over spacecraft power requirements after (nominally) 14 days.

This flight utilizes an Apollo CSM fuel cell electrical _eneration system, a LEM

ECS to provide independent life support operation .during rendezvous, and selected

components to provide data transmission, status and appropriate displays.

VHF communications are provided ia the LH_ to provide voice and data links to the

CM during rendezvous operations.

The estimated laboratory weight of the "C" version is 19282 ibs and of the "D"

version is 24592 lbs (see table 3-4 and 3-5).

Basic subsystem characteristics pertinent to this flight are described below:

Vehicle Orientation

Stabilization Reqm'nts

AVG Experiment Pwr (Delivered)

Number of Repressurizations

Equipment Cooling

Inertial and Earth Pointing

±.5 ° @ 330 hr ±5 ° @ 750 hr

680 watts

io

26 Ft 2 radiator

-- %_%w.., ._m,,m | BPL L
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Number of Fuel Cells

Oxygen Tanks

Hydrogen Tanks

Peaking Battery

Fuel Cell Cooling

RCS System

RCS Tankage

S & C System

Waste Reactants

Water for Thermal Control (Max)

Water Generated

"C" Config

"D" Config

Takeover Point = 14.8 days

2 3
i Apollo X 2 Apollo X

i Apollo X & I 2 Apollo X

Block II

5 Amp Hr

12 Ft 2 radiator

Std _ Thrusters

8LEM Ox - 8 L_

Fue i

Sensors, Controllers, ATCA,

FDAI Needles

0 0

7.2 7.2 ibs

770 ib 1590

5Amp Hr
3: Ft 2 radiator

Std L_M Thrusters

16 l]_ Ox - 16 LEM F_el

Rate Gyros, Panels,

D

-- _alVwww w_ _u_. | JO"6h
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TABLE 3-4 LEM LAB DETAILED WEIGHT STATEMENT

Flight 523

Component Weight, ibs
Configuration

C D

Structure ......................... (2883 ) (2913 )
Basic Ascent 802 802

Basic Descent ..................... 750 750

Shielding ...................... 575 575

Power Pack Structure ...... ............ 50 50

Experiment Supports .................. 623 623

RCS Supports ...................... 83 113

Stabilization and Control .................. (205) (205)

Attitude Translation Control Ass'y ........... _ 27
Rate Gyro Ass'y • • • ................. 2 2

Controllers .................... : . 14 14

Star Trackers and Electronics ............. 126 126

Horizon Scanner .................... 36 36

Crew Provisions ...................... (314) (314)

Restraints ...................... 35 35
Lighting ........................ l0 lO

Food ......................... 228 228

LiOH - PLSS ...................... 41 41

Reaction Control System .................. (3158) (6264)

Propellant ................... 2280 4630

Propellant System ................... 536 1072
Pressurization System ................. 220 440

Thruster Ass'y .................... 122 19_2

Controls and Displays .................. (779) (779)

Environment Control
• • • • • • • • • • • Q • • • • • • • •

Atmosphere Revitalization System ............

02 Supply and Cabin Pressurization ...........
Water Management ...................

Heat Transport, Cold Plates, Coolant ........
LiOH - ECS .......................

Water .........................

Radiators ............. .........
Thermal Control

Instrumentation ......................

Signal Conditioner ...................

PCM and Timing Elec. Ass 'y .............

Data Storage

Experiment Selector ......... , ......

(128 ) (1333)
8o 8o
34 34

36 96

105 i05

382 382
200 200

286 338

158 158

(17 ) (171)
45 45

39 39

25 25
6 6
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TABLE 3-4 LEM LAB DETAILED WEIGHT STATEMENT (Cont'd)

FLIGHT 523

Component Weight, ibs

Configuration

C D

Data Tapes .................... 50
Spare Voice Recorders ............... 6

5O
6

Electrical Power Supply ............... (2586) (4708)
Fuel Cell Ass'ys .................. 492 738

Reactants and ECS Oxygen .............. 920 2322
Reactant Tankage .................. 424 848

Batteries and Charger ........... 86 86

Plumbing .................... _ 40 60

Inverters .................... 75 75

Wiring, Distribution and Umbilical ........ 549 579

Communications ..................... (58) (58)
Television ..................... 24 24

Audio Center ................... 6 6

Voice Recorder .................. 2 2

VKF/UHFUommunications ........... 26 26

Experiment ...................... (7787) (7787)

Spares ....................... (60) (60)

Total Laboratory .................... 19,282 24,592

C_mmm_ .......
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TABLE 3-5 INTEGRATED SPACECRAFT WEIGHT STATEMENT

Flight 523

Component Weight, ibs

Configurati@n

C D

Command Module Basic Weight ................ (10,287) (10,287

Service Module Basic Weight ................ (12,443) ( 9160

CSM Retro-Propellant .................... ( 1349 ) ( 1191

laboratory Weight ..................... (19,282) (24,592)

Basic Laboratory Structure .............. 2883 2913

Experiments ...................... 7787 7787

Experiment Support Systems .............. 4561 6089

Expendables ...................... 4051 7803

CSM Experiment Dependent Weights .............

RCS Propellant .................... 2210 720

Total Laboratory and Experiment ...........

Allowable lab and Exper. Weight ...........

(21,492) (25,312)

195,921 199,362

Total Orbiting Weight ................... 45,571 45,950

Service Module Propellant (Ascent) ........... 0 0

SLA Adapter ....................... 3505 3505

launch Vehicle Payload . ............... 49,076 49,455
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_. FLIGHT OPERATIONAL SUPPORT: FLIGHT NO. 523

Experiment 0100 & 0200 - Medicine and Behavioral - Periodic daily

data tramsmlssion and ground monitoring of safety parameter data.

Experiment 0501 - Radiation Environment Monitoring - Ex+_ernal particle

flux measurements during a solar flare event are to be correlated with

the solar activity observations made on earth stationed observatories

and other satellites. _

Experiment 0606 - Cosmic Ray Emulsion - Routine mouitoring of solar

activity.

Experiment 0703 - Manned Coronagraph - Simultaneous measurement of the

total solar energy profile at the time of coronal observation. Corre-

lation of data collected at earth stations, OSO and AOSO satellites and

the manned coronagraph.

Table 4-1 presents the experimental data management requirements of the

flight. A general discussion of this table and the data management

system is contained in Volume 1.
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TABLE4-1. FLIGHT 523 DATA MANAGEMENT

Avg. Daily Data Recording Requirements

Experiment Recording Time, min
Data Rate (A)

No. K-bits/see 51.2 K-b/see

0100s 9 (AVG) 43

0200s 6.4 (AVG) 59

0501 0.8

0504 1.6

0603 0.2

0701 Analog 20

070& 1.0

0705A 51.2 130

1301 0.2

1401 O.2

(B)
1.6 K-b/sec

45

BO

13

47

14

ii

Remarks

1.5 Exper-Hr/Day

3.3 Exper-Hr/Day

45 Min/Day Monitoring

22 Hr/Mission

l0 Hr/Mission

30 Minx 30 Times

35 Hr/Mission

90 Minx 65 Times

10.4 Hr/Misslon

8 hr/mission

O601

O60S%aB

o604
o6o6

o7o2
0703

Negligible Recording Requlrements

Totals 252 160

Avg. Daily Data Transmission Time, min:

Reqd: A + B/32 = 257 min

Available = _0 min

Data Excess (Minutes of Tape) per Day:

Required Minus Available Transmission Time = zero
Data Excess per Mission (min) = zero

Data Tape Return Required: 30 Min/Tape Reel

Optimum Avg. Daily Transmission Time Requlred = 174 min.

Voice Tape Return Required (4 packages) 8 lb,

Film Return Required 196 lb,

Data Tape Carried 50 lbs

O.1 cu ft

4.1 cu ft

_Vgl| ff_m_'m_ wwnl



I Altitude, n. mi 200 I

I. FLIGHT MISSION DESCRIPTION

t Inclination, deg 28.5 I {Duration, days

2-l_.z

Flight No, 2t_9

Mission Title:

Objectives:

ASTRONOMY LOGISTICS I AND BIOSCIENCE LABORATORY

This flight will rendezvous with the previous flight for continuation of the

astronomy experiments and the initiation of bioscience experiments.

Space structures technology experiments will also be conducted.

Personnel and cargo transfer operations will be developed as new

crew and equipment are integrated into the existing !aboratorsr.

Configuration: C (Extended CSM, LEMA/S, Low Profile D/S with Docking Tunnel), or

D (Modified Block II CSM, LEMA/S, Low Profile D/S with Docking Tunnel)

Experiment Summary:

No,

O_Ol-
o4o2-
o4oB
o4o_
o4o5
o_o6
13o2
13o6
15o4

Title

Microbial Genetics and Growth

Development Biology

Mammalian Physiology

Limb Regeneration and Wound Healing

Effects of Drugs on Mammalian Behavior

Space-Borne Micro-Organisms

Deployment of RF Reflective Structures

Large Aperture_ Space Erectable Antenna

Development of Personnel and Cargo Transfer Operations

Equipment
Location

LEM Stage

Asc Desc CM

: x

x

• x

x

x

x

x

x

x
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2. EXPERIMENT DESCRIPTION SUMMARY

FLIGHT - 229

EXPERIMENT: O401 - Genetic Effects in Microorganisms (DNA Recombination,

Mutation Rate 2 and Phage Production) - This experiment is an investigation in

the fundamental mechanism of reproduction. The objectives are: to determine

effects of the zero gravity condition on reol_oat_ou and recombination of DNA

in microorganisms; and, to test the hypothesis that synergistic effects on

mutation rates and phage production in microbial cells may occur due to pro-

longed weightlessness in combination with other space enfironmental factors,

particularly radiation. This experiment involves the transfer of microorganisms

into tubes of suitable culture media, infection of the cultures with lysogenic

phage strains, halting the infection at timed intervals, and observing results
in the space laboratory. Additional examinations will be made on return to the

Earth laboratory.

F_XPERIMENT: 0402 - Effects of Space Flight_0n Morphology, Growth_ and Gas/

Liquid Separation in Microorganisms, Unicellular Organisms, and Animal Tissue

Cells. - The objective of this experiment is to determine the effects of

weightlessness, independently and in combination with other space flight

environmental conditions, on growth rates and morphology of unicellular organisms

and tissue cells. Changes observed will provide information of such effects

applicable to animals and man at the cellular level of body tissues that can be

related to the results of biomedical and behavioral investigations. One part of

this experiment involves the incubation of microorganisms (E. coli) in a suitable

liquid culture medium and measuring their rate of multiplication by means of a

spectrophotometric record of increase in density. A second part of this experiment

is the investigation of a hypothesis that gaseous metabolic products of a non-

motile organism remain as an envelope surrounding the cell in quiescent aqueous

solutions and could thereby interfere with normal metabolism of the cells. A

third part of the experiment involves the growth and observation of paramecia and

of HeLa cells to detect possible changes in growth rates and specific metabolic

effects. The paramecia and the HeLa cells would be inSroduced into their separate

appropriate llquid-nutrient media by the astronaut. Their growth rate would be

studied, using a continuous culture process in which the aerated nutrient solution

will be circulated. The nutrient solution will be pumped in and the effluent

removed at the same constant rate. At selected daily intervals, samples from the

effluent would be frozen and returned to Earth for measurement of growth rate,

analysis of enzyme changes, and determination of morphological changes.
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EXPERIMENT: 0403 - The Effects of Weightlessness on Cardiovascular and

Respiratory Functions t Hormone_ Mineral, and Water Metabolism, ANS, CNS and

Brain Mechanisms_ Operant Behavior, and Biorhythms in the Primate. - The

objective of this experiment is to study in detail the effects that i_obilization,

isolation, sensory deprivation and weightlessness may induce on physiological,

neurological, metabolic and performance characteristics of the mammalian organism.

Measurements will be made, such that, any effects will b_ ir_dicated by such symptoms

as: changes in blood pressure, volume and velocity, pulmonary mechanisms, mineral

mobilization, metabolic rate, RG, BMR, slowing of the reflex arc, abnormalities in

EKG and EEG patterns, and degradation of performance. The study will be conducted

on a heavily instrumented chimpanzee. Effects on the measurements of motiva-

tional factors will be investigated. Finally, study of higher mental processes,
learning, _nd decision making ability will also be included. Th_ cardiovascular

functions will be measured by means of clinical methods applicable to space_light

conditions. The respiratory measurements concern respiratory rate, tidal volume,

vital capacity, and carbon dioxide production. The interaction with food intake,

water intake, thermo regulation, exercise, oxygen level, and various performance

measures with metabolic rate will be determined and analyzed.

EXPERIMENT: 0404 - Limb Regeneration and Wound Healing During Weightlessness -

The objective of this experiment is to investigate possible changes in capacity

and rate of tissue regeneration in newts and planaria that may result from

prolonged weightlessness, and to relate the results to effects on tissue

regeneration and wound-heallng in higher forms of animals. Planaria have been

used extensively to study properties of tissue regeneration because of their "

ability to form separate animals by fission and to regenerate new intact animals

from severed segments. The astronaut will be required to maintain the planaria

culture during the flight, after their surgical preparation at the launch site.

The mechanism for recirculation of water in the animal chambers will have to be

stopped during a feeding period of 2 hours duration every other day. The

morphological changes in the animals will be observed and recorded by low-power

photomicro_Taphy. Radiation shields will be used to vary the environmental

radiation. Similar investigation using newts as the experimental animal is

included in this overall experiment concept.

EXPERIMENT: 0405 - The Effects of Drugs on Mammalian Behavior in Space Flight -
The objective of this study is to determine the effect of drugs on behavior

patterns under conditions of weightlessness, isolation, partial and complete

sensory deprivation, and forced immobility. It is assumed that these factors

will act as stressors on the living organism and will effect behavior and

performance. In particular, if the basic biologic mechanisms for altering

behaviorby means of pharmacological agent can be identified, drugs possibly

can be used to minimize any adverse effects of space flight or to control behavior.

The fundamental experiment will be to observe the influence of drugs on trained

animals both on the ground and in spacecraft. For example, groups of rats will

be trained to obtain a liquid reward (water) on a fixed interval schedule. After

achieving a stable level of performance, each group will be subject to different

periods of isolation and the rats observed and the rate of water intake measured

by means of standard procedures. As a second step, different types of drugs that

are active on the central nervous system will be used to modify any behavioral

or performance pattern that occurs during isolation. Typical drugs might be

amphetamine_ caffeine, methylphenidate, iproniazid, imipramine, pentobarbital,

chlorpromaxine, reserpine, and benactyzine.
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EXPERIMENT: 0406 - Soft Capture, Enumeration, and Identification of Space-

Borne Microorganisms - The object of t_s experiment is to test and perfect

techniques for the capture of microorganisms in space, in order to permit their

enumeration and identification. The feasibility of employing various sampling

techniques already developed and under development will be evaluated. The yield

attained by the collection techniques will be analyzed with respect to types of
organisms and viability of life forms. It is hypothesized that microorganisms

can occur in near space either as free cells or as adherents to solid particles.

Techniques to be assessed incl_e screens covered with hylax, as used earlier

in satellites and very-hlgh-altit_le aircraft, and simple infraction methods

involving the use of silicon greases and other materials as _fractlon surfaces.

Provisions for protection of collected samples from contamination by terrestrial

organisms will be evaluated. Collected material will be assayed chemically for

protein nucleic acids, or other significant compounds after the samples have been
returned to the Earth.

EXPEl:-1302 - Deployment of R.F. Reflective Studies - The objective of

this experiment is to observe and describe development of large RF reflective

structures composed of fibrous material which, on release, tends to assume

preformed shape. The structure will be released from the spacecraft and the

astronaut will observe and photograph deployment. The structure may be tethered
to assure proper visual range until deployment is completed.

EXPERIMENT: 1306 - Large Aperture Space Erectible Antenna (30 ft. Diameter) -

The objective of this experiment is to prove the feasibility of space erection

of a packaged antenna system, which when erected will provide a precisely shaped

parabolic collimator for RF signals. Parabolic segments with high strength to

weight ratio, low distortion under thermal differentials, high current conductivity,
will be erected. After antenna deployment, a photogrammetric record of the antenna

surface willbe made. Signal level, recorded as the antenna is rotated through

several revolutions, while receiving ground transmitted test signals will constitute
the antenna' s radiation pattern.

EXPERIMENT: 1504 - Development of Personnel and Cargo Transfer Operations - The

objectives of this experiment are: to perfect the equipment needed for transfer;
to develop handling techniques; and to train the crews in the methods of Intra-

vehicular and extravehicular transfer operations. Personnel and cargo transfer
operations will be conducted on the resupply flight. The transfers will be

accomplished prior to the docking operations. Transfer will be accomplished by
the following means: tether line; conveyor-type system, and AMU-powered transfer
with the personnel carrying cargo.
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3 EXPERIMENT/SPACECRAFT INTEGRATION

3.1 Mission Definition

Flight 229 is designed to rendezvouswith the previous flight. In addition to its

own complement of experiments, the rendezvous provides an opportunity to evaluate

cargo and personnel transfer techniques, study the effects of spaceflight beyond

45 days and continue the astronomical experiments begun on the previous flight.

Experiments on the flight include the cargo and personnel transfer (150_), two

space-structures technology experiments (1302, 1306) and the living organisms

series (0401 to 0406). With the possible exception of the bio-medical experiments,

the astronomical studies are considered to be of prime importance. The exception

can come about if one of the astronauts from the previous flight remained with this

flight to extend his stay to 90 days. In this case bio-medical experiments would

be prime for him and preventative for the other astronauts.

Scheduling the experiments presented no problems. The space structures experiment

required very little time to perform and cargo and personnel transfer fitted

naturally at the beginning of the mission. Living organisms experiments require

periodic attention throughout the mission which is ordinarily in conflict wi_h the

requirements of the astronomical studies, however, the abundance of available time

removes any objection to the combination.

The crew schedule (Table 3-2) was developed to meet all experiment requirements and

to provide a work-eat-sleep cycle that avoided staggered shifts. The lettered

blocks are available for performance of systems checks, and biomedical and

astronomical experiments as the flight may require. They are shown in the time-line

as available blocks of hours, however, the power profiles and the flight Statistics

include a representative series of experiments inserted into the blocks. The

approximate lengths of time represented by the blocks are:

A 20 min. F 120 min. L 220 min.

l_ h_ G 1_,r_ ,, ,_.^-- . - _-_ ZvJ. ,"_J"U

C 60 H 160 N 260

o 8o j 18o o 28o

E i00 K 200

........... il d5 ,I
4P'I_J ¥ I I ! .----. ......
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The "available" blocks in the time line smount to 961 manhours. Oi this total,

768 mar_ours are assumed to be consumed in the mission for astronomical, biomedical

and systems checks, and are reflected in the flight statistics.

The mission summary and experiment equipment profile are presented as Tables 3-1

and 3-3, respectively. Additional experiment requirements applicable to this flight

are !

Spacecraft Inertially Oriented

Spacecraft Earth Oriented

Spacecraft in Free Drift

Angular Reorientations

EVA's (2 occur together on first

and last days)

418.3 hours

9.3 hours

628.4 hours

235

12
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Table 3-2 CREW SCHEDULING, FLIGHT 229, SHEET i_!__OF____ 4

DAY !_ CREWMEN ACTIVITIES I DAY _ CREWMEN ACTIVITIES DAY _ CHEWMEN ACTIV!T[ES

20 _4o_ o_o4 leep 2o )4O5 o4oi_ _ 20 _

0100 .... -- _ 040&

40 1504A 1504A SPT 110 _ _leep _ 02¢)0
0500 0?90 _ 3O6 E

,_O R

o3oo _4__VA _A 0306 _' 03o0 -

20 20 t 90

40 40 _._._ 080_ i i 40o_ooI_4o6_ o_oo .,'o_ooq_o _mo___ :'o m °_°1 o_o5 _y_ }
4.0 40 _IO

0500 E/_yg _/Hyg
20

_o _
o6OO

20

40

°_ T
80 3PT

O8OO

o9oo ;_

2o

40

1100

2O

_o 7
1290

20
4O

E/'Hyg

0500 E/Hyg E/}lyg _ : 0500
Rest 20 }Rest :: 20

_,T ,,::_oo_°7
54_ -- _ 20 040i :: 20

_0

0_00 i i 0800

20 K j , : 20

o_ is_ep _ o_,oo
_VA EVA 40 _',: 40

_5o_c_5o.o__ooo_9I o_o4ii'°_20 Z

_4o6 _ 40 0;.05 o4o2 i: _o

llO0 i' _:_'II0020_0

Rest Rest Rest 20 _est Rsst

_9T , 7
1200

E/HFg E/Hyg E/HFg _ 20 E/Hyg E/Hyg E/Hyg _ 12OO20

Rest Rest Rest 1 40 Rest Rest Rest ',: 1_0

h0
14OO

20

_o T
15o0

2o
40

16oo

2o T
ao Sleep

] 7oo
20
40

18_oo _ Rest

_0

1 2_0 "I E/Hyg E/Hyg E/}lyg

40 Rest Rest Rest

20OO

o_o_ _ _o
14OO

Rest _ 90

i 4oI
]500 G

2O
o49a :

Sleep ______3 16_00;.o5i 1--
210

__ 040q

040w

E/Hyg E/_yg

Sleep

i302 D40_

C

_ j

DAY _ CR_:_ MEN ACTrVI'rl LS

I_ OOOO )40_ ,

2o __
1 _ Lo

Sleep _ 40 i_02 _!e(p

7
o;o; I

--_ o:.oo T o4o& --

E/}IF_ _] 20 I _/'Hyv40

--_',, 090o EA{yg R/1%,g
Res= _ 20 {est

X "%0._i T-- O600

40

!,,o,OO2oI c
'! 40 o4oi
• 0800

i Rq2
20 _ j

40 i
0900 S 1.: ep

9 2O G
aO

C40_ 1090 T 0404

20 -JL
_0

1702 0z'92

Rest Rsst 2_D hi 1%:"?-R*:st Rt.st
40 IT

] 2,D0
E/Hy E E/Ryg E/Hyg 20 E/}lyF g/Hy7 E/Hyg

Rest Rest R<st &O RLst R<st Rcet

13oo l:<Og½o_ol _o _[_

0404 , : 1400 laO0

--':: 20 _lmz_ 2o __
:! .o -T _o_- o4o:F : 1500 O_.cl _ ]500

_o _ _ 20
E

1600 _..'1690
Sleep 0;404 _ 20 I Sleep _ _o I s.ep

__ _ 40 't 40

o,oi _ oo--'TTT-- 1 2o _ _.

' 4°i , .o I
18 '_LB.est Rest ;! 18OO Rest Rest _! 18OO Rest Rest

20
5o !i ,o ,,,5o40 _ _ gO

190o _._ I000 _ ]C_:)O
20 I E_Yg E/Hyg E/}_yg _,_ 20 I E/Hyg E/Hyg E/Hyg _! 20 ] E/Hyg E/_iyg E/H:,'@

_o _est R_st Rest.,i_ _0 Rsst R_s_ Rest _! _0 _est P.st _es:
2000 ._ ; _, 2000 _, 2000

t.t-_

_;_1 I

N0'rKs

20 Rest Rest 0AOA 20 Rest Rest 0404 _ 20 Rest Rest _: 20 Rest Rest

.oT T -- _i21oo , _:2,0021OO
2120 ,

20 c :_ 20 _ s _: 2o
• 40 40 __ --'_ 40

o_o2_-_--!_ _: _o22_-r _ _ _2oo 9_Ol _ 0.02 _2oo_ _ o_o2 _=_o T ------I_2500 ,20 I _'20 ' 20 _L

°"2_2_00,.___R,gt F'st _,eep. "23(_20,._ 9405est _' ,Sleep iI_3,,,,,, _n j Rest _leep ,,_12300'20,._ _Rest 3,eep

Letters indicate available time blocks approximately equal in length•

_ Spacecraft

Occulte_

In Sua_t

Oceult_l

e_c •

E/_yg Eat & Personal _ygiene

IAmi_ of Experiment _.:.,
Limits of EVA
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NOTEs Days 17-20, 31-34 the same as day 5

Day_ 21, 35 same as day 7

Days 9-13, 22-27, 36-40 the same as :lay
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Table 3-eCREW 8CHEDDI_fG, FLIGHT 22_ SHEET--_i-OF 4-._--

DAY _ CPd_CM]@I ACTIVITIES _ DAY _ CI_4ME_ ACTIVITIES DAy

0000 0000

_ _ _o _o5 _o3 _o
)] Z 0100

_4o4 Ol_ 7 o4o_ _o
-- !Sleep 40 Sleep ',- _0

)_ 0200 0200
L J 20 L J 20

0300 o _00
20 20
4O O#,O4 40

)_ 0404 0400 _ 0400
-]- _/_yg _o -]- o_o_ E/_yg 2o

40 40

-- 0500 E/q4yg E/Hyg 0500

[- l 20)c S/Hy 6 E/Hyg Rest 0620(_ 7 he
O600

3h04 20 0_04 . 20

40 07_O

4o _o
)_ o8o0 o8oo

I L M 20

L M

-F ao
Sleep 0900 -/- Sleep 0900

2O 20

/40 ---- 40

_ 32 o.o. 1% _-[ o_o_ , 1%
40 % _0

.] 0402 tlO0 0402 °4°D _ llOO

r Rest Rest : 20 Rest Nest _ 20

-L _ _ .... .,'12oo
20 5/nyg _Jnyg _/my_ ..1 20
_0 Rest Rest Rest _ _O

IO_O_ -_-_ o_o# :,: 13oo_°_ l_o-0.05 --i)_._o
L laOO

20 _, 20

i "_ _,' _o/ ' _ 1500T _ _ ,5_-L_o_ :_ _! _o
_o , ,,_ _o

( I Sleep i 1600--r201 Sleep ,i_16OO:20

, 40 , _, 0

_7oo _ , o_o_ _: tree0_0_

Tes_ Rest ! _, "'0

18_ -[ j _! laOO
20 Rest Rest _,' 20
_0 _ ,_,' 4O

_est Rest Rest : _ K./_ yg E/_yg E_yg 000Rest Rest [ Rest _, _O

,( _-_-_-_! _ooo
Rest OaO/4 ', 2000

20 Rest Rest O_OL_ _ _o

2100

_ __*___ _ i "o,_oo _,,,i °_I mO_02 aO _ I ,: _ _O

23 i I u_u_ I o_=¢_ _
_ _ 20

..... _ I !: .....
I_'_i' i I 1 _ _°° i 'i i 1_ _o.w

NOTEs
Day 28 the same as day la

Day 16, 29, 30 the same as day 15

Day 35 the same as day 21

CREWMEN AC_IVITIF_ I DAY _ C}_WMEN ACTIVITIES

o_o_ _ oo_

Sleep _0 31e_ p

0200 -- L JL H 20

-F 40 T
_L _ 03oo --b

: 20

: 4O

4OR ', 0400

-i- o S/_ : _o I ..... o_q_,,, s/_y_,
', 40

E/Hyg E/HFg -- ',0500 ' E/Hyg E/_qyg

Rest : 20 Rest
"T : 40 T/ _ 0600

0_0_ _, 20 : 0_0_

#0
070O

Z-- _ L 0

_L :_
• ',x 40

:l 0800
L M :_ 20

-r i" _,o
Sleep ::i 090_

S_eep

" i 40

-r o_0_ i', looo _- o_o_
_L --_ 2o _L

_==_ _' : _o

0402 _4 1100

Rest Rest _' 20 --r- R_st Rest.
--r _ aO
_L _%

Rest Rest Rest _ If0 '[ Rest Rest Res_

_ O_OZ_ _, 1300 _C_ ,.9.R9..3_ 04o_
I _ --,_ _ 20

-_- 0#05 ',' 40 _i

,,, 2o

= ,','_o
]_ ,'_i5oo

I _ K !' 20 J Z
_t aO

--_ Oleep _ 1600 Sleep
_ 20

--_ ,-------I,'_o

-_JJ°_°_-- =_'='__°4°_ ,'ii 172°_°_-__18oo4_ cao_
IRes'; Rest _ 20 | Rest Rest

,_ _0 L
-_E/Hyg E/Hyg E/Hyg ,_ 20 F-]- E/Hyg E/HFg E/Hyg

___ i ¢_ ''I Rest Rest Rest!Rest Rest Rest _• 40

; ' ,'I 2000 /
iRest DZLQ_ ;_ 20 L RestRest

i ----------%t 40

L!OH SFT SPT __ 20

iEVA EVA EVA [_ 40
.... ., , 2200

: ' l_O
:--!_4 ^ Sleep :, 2300 Sleep
:Rest i v kr_ _: 20
' 40

II I I ,_.... I
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l'_.ble 3-9 CREW SCHEDULING. FLIGHT 225 , SHEET 4-._--OF 4_._._._

F F

_/}lyg g/Hyg E/Hyg

_est Rest Rest

_est Res_ OhO/$

LiOH SIT SPT

_VA EVA EVA

O404

M G

:03001

040,* 4o I
01_00 ,

0/1_ _. E/Hyg ' '0 :
' ti(.)

E/Hyg E/dy E : 0500

Rest : /O
: gO

: 0600

0404 : 20
: 40

: 0700

20

: hO

: 0800

H M ', 20

', 40

S le,:p " 09 °0
i ft_

; '_ 0

0404 _ l 000

20

0405 : 40
', llOO

Rest : Re_t ', 20
', 40

',1200

EA!Eg E/HEg E/Hyg : 20

Rest Rest Rest _ 40

0%03 o_o4 _ i_oo
,' 20

040< _ 40

1400
l ,' ?o

_' 4o
1500

F F _ 20

i 40

Sleep _ 16OO

: 2O

__ _ 40

I 17o00404 _ PO

4O

Rest Rest _ 18OO

20

40
,'i9oo

E/Hyg E/Hyg E/Hyg _ 20

Rest Rest ReSt _ 40
,' 2000

_{est Rest 0404 < 20

20

,' _o
o5o_ _ 220o

20
o4o_ b_o4

DAY _ CP_h3_ME'N ACTIVITIES : DAY

1,
0000

2O
040,_ 40

OiOO

20

Sleep: aO
r]POO

M a 20

0300

20

'iO

ChO0

0404 X/H:¢_i 20

40

E,_.I yg E/Hv_: 0500

Rest : 90

aO

0600

a4o4 ', _o
40

O700

20

o800

Sleep M ', 20
40

S leer (_OO0
20

'40

lO00

2O

0406 I_O

1100

Rest Rest 20 1
_o I

Prepa: e FoP _.

Rende: aO

With ] light 1300
: 2O

: 1400

, 20 I

: 1706 :

, 40

i i8oo,
2O

', _0

', 2O

; 2000

; 2O

; 40

2100

; '20
4o

NOTES Day _4 S_me as the day 43

CHEWMEN ACTIVITIES

] 2, 3
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3.2 $PACECRAF_ DEFINITION

Flight 229, shown in Fig. 3-i and 3-2 is a first resupply mission for a previous

Astronomy flight. In addition to the expendables and crew replacements the flight

carries a laboratory for Study of living organisms (0401, 2; 3, 4, 5, 6), space

structures technology experiments (1302 & 1306), and an extra vehicular operations

experiment (1504).

The laboratory is a standard L_4ascentetage modified for the living organism

experiments. The experiments are located in the forward and center cabins. All

animal containers are capable of pressurization and are sustained by the existing

L_4ECS which is retained. Equipment for EVK requiring internal storage is located
on the aft bulkhead.

All food for the mission is carried internally and transferred to the food lockers

of the previous flight after docking. LIOH supplies are stored externally to re-

place internal storage on the previous flight's Lab at seven day intervals.

A 30 inch deep low profile descent stage is utilized on this flight. This is neces-

sary to provide staging clearance for the large aperture space erectable antenna ex-

periment. A 44 inch dia. pressurixed passageway is mounted in the center bay of the

rack, its upper end is designed to fit into the engine hatch of the A/S Lab and a

pressure hatch is provided. The opposite end of the passageway duplicates the dock-

Ing port of the CM providing compatible docking procedures with the previous fl_ght.

The laboratory is used as an airlock for EVA, and apparatus associated with the EVA

experiment is mounted on the descent stage convenient to the forward hatch.

The large aperture sp_ce erectable antenna experiment is suspended below the descent

stage during launch and manually moved to deployment position during an EVA.

Pointing and stability requirements are accommodated by the CSMwlthin the RCS pro-

pellant capacities on the "C" CSMversion. On the "D" version, the additional at-

titude hold propellant requirement is satisfied by adding LEM RCS system and tankage

All experiment equipment installations involve additions to the existing LEM A/S

and basic low profile descent stage structure.

In addition to the standard CSM/Lab interface, this flight requires additional inter-

face connections between this Lab and the originally resupplied Lab. The interface

wiring is the same as that required for the Lab/CSM interface.

The difference between "C" and "D" versions of the Lab are the addition of one

Apollo-X 02 and one Apollo-X H2 tank, added fuel cell reactants, and the addition of

one FCA. Also, the FCA radiator is increased by 20 sq. ft. The modifications to

the "C" v_4_n 1o_ _n_na_ _o oa_o_ _.... _ ^_ "D".............. power _,_ u_ the version uo_,_"re-

quired by taking over spacecraft power requirements after (nominally) 14 days. In

addition, the "D" version of the Lab carries the LEM RCS system to supplement the

RCS propellaat requirements of the CSM "D" configuration.
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This _t._tillzes e=_ Apollo CSM fuel @ell eleatrical Senez_tion system= a L_
ECS _to provide mtmosphere revitalization and wafte control to the animal tanks and
reclrculati_ Of e_in at_phere, a_+leleete_ components to _rovide data trans-

mission, status-_ appropriate displays.

It iS autici ._._t__ ._ _ will be capable of "open hatch" operation with both

the CM e_s__._,_ -An oxygen line and electrical umbilical will be provlded fromthe power _°_/_ _o %he #523 Lab in a_itlom to the 229-C_ interface.

The estimat_l_to_ welght of the "C" version is 11,061 Ibs and of the "D"

version is !6,_ Ibs (see ts_les 3-4 and 3-5). A brief discussion of hoW this

flight could_be brought within the allowable weight limit is included in Volume i,
Section _.6.

Basic subsystem characteristics pertinent to this flight are described below:

Vehicle Orientation

Stabilization Capability

AVG Experiment Pwr (Delivered)

Number of Repressurizations

Equipment Cooling "

Number of Fuel Cells

Oxygen Tanks

Hydrogen Tanks

Peaking Battery

Fuel Cell Cooling

_CS System

RCS Tankage

S & C System

Waste Reactants
Water for Thermal Control (Max)

Water Generated

Inertial Pointing

+-.2° @406 hr; +5° @ 674 hr
412 watts

l0
44 ft 2 radiators

"C" Config

2

i Apollo X

i Apollo _X

20 amphr
I - _ Ft2 radiator
STD I_ Thrusters

L_g Ox-4 LEM fUel

Interface to #523
ATCA

19 lb

66.7 Ib
963Zb

. "D" Config

2 Apollo X

2 Apollo X

20 Amp hr
2 - 18 Ft2 radiators

STD L_ thrusters

12 L_ 0x - 12 LEM fuel

Interface to #523 ATCA

i0 Ib

72.2 _b
1782 ib

Waste reactants are needed to accommodate the estimated boiloff rates. These fluids

are disposed of by increasing the power output of the normally operating fuel cells

and energizing either a dummy load or idle equipment.
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Table 3-4 LEM iAB DETAILED WEIGHT STATEMENT

FLIGHT 229

COMPONENT
Weight, lb.

Configuration

C D

Structure ...................... (2169)
Basic Ascent ................ . . . 802

Rack • • • _ .................. 470

Shlelding ............... ..... 446

Power Psek Structure ............... 50

Experiment Supports ................ 233

RCS Supports ............ ....... 63

Docking Ring &Tunnel ........ ..... 105

(2214)
8O2
470
446

50
233
i00

105

Crew Provisions (296)

Restraint s ............... .... 35
Lighting ..................... i0

Food .............. .......... 228

Li0h-PLSS ................. 23

(296)
35
:1.0

228
23

Re_tion Control System ............... (1630)

Propellant .................... ll30

Propellant System 268

Pressurization System ............. ll0

Thruster Ass'y .................. 122

(5o51)
37o0
871

358

122

Controls 'and Displays (290)• • • • • • • • • • • • • • • • (290)

Environmental Control ................ (941)
Atmosphere Revitalization System ......... 80

02 Supply and Cabin Pressurization ........ 34
Water Management ................. 36

Heat Transport, Cold Plates, Coolant ....... 105

LiOH-ECS ..................... 526
Water ...................... 40

Radiators .................... 120

(981)
8o
34
36
lO5
526
40
16o

Instrumentation ................... (151)

Signal Conditioner . ........... 45
I_M and Timing Elecl Ls 'y i .......... 39

Data Storage ................... 25
Experiment Selector ............... 6

Data Tapes ................... 30

Spare Voice Recorders .............. 6

(151)
45
39
25

30
6

m
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Table 3-_ LE_ LAB DETAILED WEIGHT STA_ (Cont 'd.)

FLIGHT 229

COMPONENT
Weight, lb.

Configuration

C D

Electrical Power Supply ............... (2583) (4729)

Fuel Cell Ase'ys ................ 492 738

Reactants and ECS Oxygen ............ 1039 2465

Reactant Tsmkage ................ 424 8_8

Batteries & Charger. ..... ......... 25 25

Plumbing ..................... 40 60
Inverters .................... 75 75

Wiring, Distribution and Umbilical ....... 488 518

communicatlons ................... (32) (32)
Television ................... 24 24
Audio Center ................. . 6 6

Voice Recorder ................. 2 2

Experiment. ..................... (2 9)

(60) (60)

Total Laboratory .................. 11,061 16,803
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Table 3-5 INTEGRATEDSPACECRAFTWEIGHTSTATEMENT

FLIGHT229

COMP0_m_NT

CommandModule Basic Weight .............
Service Module Basic Weight .............
CSMRetro-Propellant .......... _ • • •

Laboratory Weight ..................
Basic Laboratory Structure ............

Experiments .................

Experiment Support Systems ..........

Expendables .................

Welght, lb.
Configuration

C D
(I0,287)(10,287)
(11,479) (9,160)

(1,349) (1,191)

(11,061) (16,803)

2,149 2,214

2,909 2,999
2,997 4,608

2,986 6,982

CSM Experiment Dependent Weights ..........

RCS Propellant ..................

Total Laboratory and Experiment ...........

Allowable Lab. and Exper. Weight . . : .... . • •

2,210 720

(13,27 ) (17,523)
9,555 12,032

Total Orbiting Weight . . .............

Service Module Propellant (Ascent) . _ ..... , •

SLA Adapter .....................

36,386 38,161

1,410 1,410

3,505 3,505

Launch Vehicle Payload ................ 41,301 43,076

WUl| w .. .....
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4. FLIGHT OPERATIONAL SUPPORT: FLIGHT NO. 229

Experiment 0401 - Genetic Effects iu Microorganisms (DNA MutatiouRate t

and Pha_e Production) - Control experiment identical to flight exper-

iment must be performed simultaneously o_ the ground, with temperature

measured to within 0.5°C. _,

Experiment 0402 - Effects of Space om Morphology, Growth, and Gas/

Liquid Separation in Microorganisms, Unicellular Organisms and Animal

Tissue Cells - Experiments will be conducted simultaneously on the

ground.

Experiment 0404 - Limb Regeneration and Wound Healing During Weight-

lessness - Earth based control experiment.

Experiment 1302 - Deployment of R.F. Reflective Structures - Radar

observations at as many frequencies as possible when the structure has

been separated from the spacecraft.

Experiment 1306 - Large Aperture Space Erectable Antenna (30 ft diem-

eter) - Antenna system to track either earth-generated signals or

switch to other spacecraft for comparative tracking accuracy exper-

iments.

Table _-i presents the experimental data management requirements of the

flight. A general discussion of this table and the data management sys-

tem is contained in Volume 1.
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FLIGI_f 229 (REndEZVOUS WITH FLT 523) DATA MANAGEMZNT

2-14.e8

Avg. Daily Data Recording Requirements

Experiment I Recording Ti_e, rain

No K-bits/see 51.2 K-b/sec 1.6 K-b/see

A/G tRS
- OlOO_ ,' 9 ( ' ) . .

I 6.k (AVG) 460200 s

o4o3 129 45

I

o4o5 ] o.i 6o

o5ol

1306

1504.

0401

0402 |

0404 |
0406
0702 |

07o3
1302 --

0100 s

0200s |

0702
0703 |

0704

o.8

1.0

0.2

1.6

45

228

4

9

Negligible Recording Requirements

Carried on Flt. 523; Performed on Flt. 229

Remarks

3.3 Exper-Hr/Day

3.0 Exper-Hr/Day

45 Min/Day

60 Min/nay

45 Min/Day Monitoring

4.2 Exper-Hr/Day

3 Hr x i Time

6.5 Hr x i Time

i ¸_ ]

Totals 176 346

NOTE: All I]ata Management Equip. carried on Fit 523 and used on'both flights.

Avg. Daily Data Transmission Time, rain:

• Reqd: A + B/32 : i_7 min

• Available = 280 min

Data Excess (Minutes of Tape) per Day:

Required Minus Available Transmission Time _ zero min.

Excess per Mission kmzn} _- [_ _uData Tape Return Required: Data30 Min/T_pe Reel zero Reels zero cu ft

Optimum Avg. Daily Transmission Time Required _ 78 rain.

Voice Tape Return Required (4 packages) 8 ib, 0.i eu ft

Data Tape CsnTied 30 lbs
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I. FLIGHT MISSIONDESCRIPTION

i Altitude, n.mi 2DO I Inclination,deg 28.5 ] Duration, days 45

Mission Title: ASTRONOMY LOGISTICS II .

Objectives:

2-15 •1

Flight No. 230

This flig_ht will rendezvous with the previous flight for continuation of

astronomy experiments. In addition, the cabin atmosphere control

experiment and propellant handling experiment will be taken up. All
experiments begun on the two previous flights will be continued to the limits
of available crew time

Configuration: C (Extended CSM, LEMD/S with Docking Tunnel), or
D (Modified Block II CSM, LEM D/S with Docking Tunnel)

Experiment Summary:
Equipment

No. Title Location

1305

lh02

1506

Deployment and Observation of Gravity Gradient
Structures

Cabin Atmosphere Control For LSS
Propellant Handling Techniques

LEM Stage
CM

Asc Desc

X

X

x

]

............ In II "J"
w m_ .... _ . . rl im



2. EXPERIMENT DESCRIPTION SUMMARY

FLIGHT - 230

EXPERIMENT: 1305 - Deployment and Observation of Gravity Gradient Stabilized

Lenticular Structures - The objectives of this experiment are: to observe and de-

scribe a gravity gradient stabilized, inflatable, lenticular satellite's deploy-

ment in a zero-g environment; to observe and evaluate the st_'cture'z stabiliz-

ation and damping characteristics (failure to erect or stabilize, as planned,

would be observed and reported.); and to :evaluate the RF characteristics of the

lentlcular surface. A tethered, evacuated, canister will be ejected to a dis-

tance of i000 ft (approx.) from the orbiting laboratory. The experimenter will

command the canister to open; he will observe and photograph its opening and sub-

sequent sequence of events. Ground station radars will also make pertinent

measurement s.

EXPERIMENT: 1402 - Cabin Atmosphere Control for Larse Space Stations - The ob-

Jective of this experiment is to test and evaluate advanced life support equip-

ment required for: contaminant detection and control, carbon dioxide concen-

tration with oxygen recovery, and atmosphere circulation. Experimental systems

will supplement the normal vehicle life support system. Measurements will be made

to evaluate the performance capability of the equipment.

EXPERIMENT: 1506 - Propellant Handling Techniques - The objectives of this ex-

perlment are: to determine optimum methods of storing, handling and transferring

liquid propellants in space; and to provide design information and develop equip-

ment and techniques to support space operations and space travel. Phase I of the

experiments using sealed models in the lab will be conducted, produc_ technology

data pertaining to thermal characteristics, insulation requirements, ullage con-

trol, venting concepts, liquid orientation, pumping techniques, etc. Tests will be

performed on fluid transfer from one container to another utilizing water and usii_

differing techniques. Techniques to be investigated include bladder, capillaries,

dielectricphoresls, roll acceleration and linear acceleration.

dm -- -- - -
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3 EXPERIMENT/SPACECRAFT INTEGRATION

3.1 Mission Definition

Flight 230 is designed to rendezvous with the previous flight. It provides an

opportunity to extend an individual astronaut's space flight time to 135 days

and to continue the astronomical studies begun on Flight 523. Experiments

associated with this flight include handling of propellants (1506), a gravity

gradient experiment (1305) and a cabin atmosphere experiment (1402).

The astronomical studies are prime. The same considerations apply to the bio-

medical experiments on this flight as on the previous flight if extended stay

time is desired.

There are no problems in scheduling any of the experiments. The crew schedules

are summarized in Table 3-1 and detailed in Table 3-2. The equipment mission

profile is shown in Table 3-3. Additional significant statistics applicable to,

this flight are:

Spacecraft Inertial Oriented

Spacecraft Free Drift

Angular Reorientation

EVA's

448 hours

624 hours

217

8

All experimental objectives can be achieved on this flight. Additional experiments

that do not require particular spacecraft attitudes can be accommodated during the

time when the astronomical experiments are being performed.
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Tab:,-_. 3-2 CREW SCHEDULING, FLIGHT 2 _,0, SHEET__]_OF_2__ 2-15 ,,_

CH _WMEN ACTIVITIES

150_

150'
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CREW SCHEDULING, FLIGHT 230, SHEET_.._OF._2.._ -15. :'

DAY _ CREWMEN ACTIVITIES
m

[] o= 1 2

0000
20
40 1402

01OO

20 Z 1506

40 Sleep
0200

20
I

0300 /

20
40

0400
2o T
40

0500 E/Hyg E/Ryg "
20 Rest

40 _
o6oo

2o
go

_ o7o_ o"ego,
'*0 0100-

0800 i 0200

_0

&O

9qo0 Sleep Rest
" 2'0

_,o ZLio'2
]COO

20 10704
40

iiOO

_o°F
1200

_O

_0

1300

20 _ 1402
40

140o

2o

-_0 Z 1506
15o0

PO

_0

]600 Sleep
20 _]__
40

1700
?0

4_ J_
1800 Rest

20

40

Rest Rest

E/Ryg E/Hyg E/PIyg

Rest Rest Rest

DAY _ CREWMEN ACTIVITIES DAY _ CREWMEN ACT[VITI_
H

0OOO 0
20 20_

40 1402 40 1402
O10(,

o,_ T _ r
80 Sleep

0200 __ 0200 _I_

20 20

o308 0702 0300
20 20
40 aO

0_00 0400
_/_g 20 T E/Hyg 20 T

40 40

0500 E/Hyg E/Hyg 0500 E/Hy_ E/Hyg
20 Rest 20

40 40 T
0600 O600

20 20
40 40

I I
40 _ 40

, o_oo ___ o__o
.oy 4oy

0900 Sleep 0900

20 2100- _ 20
_o _2oo oio_2 _ 40

lOO_ iOOO --I 6t_-"0200, _o_
40 40

I]00 _ iiOO

20

4oT
1200;

20: E/Hyg E/Hyg E/Ryg
i

40 Rest Rest Rest

13Oe
20: J b7o4

ao
1400' '1402

20

aO 1
1500,

20'

0702 _ 4oi o_o_
]6o0

40

17o0_ 2o

40

i DAY _ CREWMEN ACTIVITIES
[] g _ _

Rest Rest _ 20

20 E/Hyg

40 Pest
i 1300

20 j 070A

40
i i_00 1402

2O

_0 .]_;500
_ _o

40

z6_
S:eep t I

_o ± --!
Rest l_OO _,,, Reef _ 18_ T

20 _ 20
40 0 _03

E/Hyg '_ 190020 I E/Hyg

Rest _0
2000

_ 20
_0 T lRest

2100

20 [Supp't

h0 _E_A

2200 H

2O

_0 0100-

Sleep 2_00

20M0200_0

! _O0 I _ i 'J O0 I

":o I E'Hy_ iE/Ry_ E/'Hyg 20 J _/R-';' _Ry_
40 Rest R_:-_ t Rest AO _e_t Rest

2_0 _ 20_::O Rest Rest 20 {est Rest

40 T _°T
2100 _ 2100

70 0703 1402 _ 2040 _40 0705

-,k-q(_

_°1 I°l°°- s:eep _ ,o mo-
o_ 2_°°_r_ --

2300 0200 200

po- _ ,,_2° OLOO-
__ ,....  24ooII I, I..I _ I'

j_ 0000

20
_O

o_oo_ 2oT
S]eep _ 40

0200
20

0300
20

aO
0400

E/Hyg 20 T

40

0500

Rest 20

_o -I-
O6OO

20
40

-- _0_ 0700 1

;_o
40

o8oo
20

:_0
Sleep OaO0

01OO- "20

0200 0100- [ _O

1100

Rest Rest i 20_0 -_
1200

Rest _est _ qO

1300
20

1 ,'100_ 20

1_00
,_! _o

0702 _I _0

S_eep _i _oo
_ 2o
_: 40
_, 17OO

ii2oao

Rest _ 1800

_ 2q

_...:.._ _ _.,, _i i900

- . _ 20

_ 2_o
_ 2o

Rest 21_
Lioh _pp't
EVA E_A _ _0

..... -_ 220020

_401'- Sleep _ 23_

0100- _ 20nonn 40

SI,:eD

_-/P,9

E/Hyg E/Hyg

Re s t

}i00-
3200 oiL0-

0200

Sleep

Sleep

Rest Rest

Dl00-

OlO0- 9200

3200

NOTES Days 8-13, 15-20, 22-27, 29-3 _, 36-41, _3-&4 are the same as day 6
Days la, 21, 2B, 35, _2 are the same a_ day 7

..... III II|IqPI I I* _
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3.2 SPACECRAFT DEFINITION

Flight 230, shown in Figure 3-i, is a second resupply mission for a pre-

vious astronomy flight. In addition to the expendables and crew replacements the

flight carries subsystem development and test (1402), extravehicular operations

(1506), and space structures technology experiments (1305).

This flight consists of a CSM with a standard LEM descent stage rack which carries

expendables and experiments. A 44 inch dia. pressurized passageway is mounted in

the center bay of the descent stage. Its upper end duplicates the LEM docking

batch while the lower end duplicates the docking port of the CM, providing identi-
cal docking procedures.

Resupply food, and the propellant handling techniques experiment (1506) are carried

inside the passageway and removed to the resupplied Lab after docking. The experi-

ment is conducted in the Lab and the apparatus stored externally after experiment

completion. LiOH supplies in the Lab are replaced from external stowage on the
descent stage (D/S) during scheduled EVA's.

Experiment 1402, Cabin Atmosphere Control for LSS, is contained within the D/S

rack, unpressurlzed, and an associated control console and duct outlets are located

in the passageway.

Experiment 1305 is ejected from a canister mounted on the rack and is viewed and
photographed from the CM and Lab.

All experiment equipment installations involve additions to the existing LEM
descent stage structure.

In addition to the standard CSM/Lab interface, this flight requires additional

interface connections between the racks and the originally resupplied Lab. The

interface wiring is the same as that required for the Lab/CSM interface.

The difference between "C" and "D" versions of the D/S rack are the addition of one

Apollo X 02 and one Apollo X H2 tank, added fuel cell reactants, and the addition

of one FCA. Also, the FCA radiator is increased by 20 sq. ft. These modifications

to a "C" version D/S rack accommodate the added power demand of the "D" version

CSM required by taking over spacecraft power requirements after (nominally) 14
days.

This flight utilizes an Apollo CSM fuel cell electrical generation system, and the

associated thermal control system.

No capability to carry LEM RCS propel._ant is available on this flight since the
descent stage only is carried.

The estimated rack weight of the "C" version is 7685 lbs. and of the "D" version

is 9841 lbs. (See Tables 3-4 and 3-5.)
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TABLE 3-_ L]_4 LAB SUPPORT RACK DETAILED WEIGHT STATEMENT _

Flight 230

Component

Weight, ibs

Confi_tration

C D

Structure . . • . • ...... • • • • • • • ........ •

Basic Descent ......................

Shielding .......................

Power Pack Structure ...................

Experiment Supports ...................

Docking Ring and Tunnel .................

Crew Provisions .......................

Food ..........................

LiOH - PLSS .......................

(124o) (12_o)
750 750
155 155
50 _o
18o 18o
105 105

(255) (255)
228 228

27 27

Controls and Displays ....................

Environmental Control ......................

Atmosphere Revitalization System .............

02 Supply and Cabin Pressurization ..........
Water Management ....................

Heat Transport, Cold Plates, Coolant ..........

LiOH - ECS .......................

Water ................... • ..... •

Radiators .......................

(225) (225)

(767) (831)

8O 8O

34 34

36 36

105 105
382 382

ho ho
90 154

Instrumentation ............. ., .........
Signal Conditioner .....................

PCM and Timing Elec. Ass'y ................

Data Storage .......................

Experiment Selector ...................

Data Tapes .......................

Spare Voice Recorders .................

Electrical Power Supply ...................

Fuel Cell Ass'ys ....................

Reactant and ECS Oxygen .................

Reactant Tankage ....................

Batteries and Charger ..................

Plumbing ........................

!nverters ........................

Wiring, Distribution and Umbilical ............

Communications .......................

Television ........................

Audio Center .......................

Voice Recorder ......................

(15_) (151)
h5 45
39 39

25 25

6 6

30 30

6 6

(2701) (4793)

492 738

i135 2596

513 848
74 74

4O 4O

75 75

372 402

(32) (32)
24 24

6 6

2 2
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TABLE 3-_ LEM LAB SUPPORT RACK DETAILED WEIGHT STATEMENT (Cont'd)

Flight 230

Component

Experiment ........................

Spares ...... . . . . . ............ . . .

Total Support Rack ...................

Weight, lbs

Configuration

C D

(60) (60)

7685 9841
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TABLE 3-5 INTEGRATED SPACECRAFT WEIGHT STATEMENT

Flight 230

Weight, ibs

Uonfiguration

Component C D

Command Module Basic Weight .............. (10,287) (10,287)

Service Module Basic Weight .............. (11,479) (9,160)

CSM Retro-Propellant ................. (1,349) (1,191)

Support Rack Weight ..................

Basic Support Rack Structure ............

Experiments ....................

Experiment Support Systems .............

Expendables ....................

( 7,685) ( 9,841)

1,240 1,240

2,254 2,254

2,379 3,074

1,812 3,273

CSM Experiment Dependent Weights ...........

RCS Propellant .................. 2,210 720

Total Support Rack & Experiment ............

Allowable Support Rack & Exper. Weight ........

(9,895) (10,561)

9,555 12,032

Total Orbiting Weight ................. 33,010 31,199

Service Module Propellant (Ascent) .......... 1,410 1,410

SLA Adapter ..................... 3,505 3,505

Launch Vehicle Payload ................ 37,925 36,11h

• _ • A •

All_ H



Basic subsystem characteristics pertinent to this flight are described below:

Vehicle Orientation

Stabilization Capability

AVG Experiment pWR (Delivered)

Number of RepressurizatLons

Equipment Cooling

Inertial Pointing

± .20 @ 405 Hr.; ±5 ° @ 675 Hr.

693 watts

8
48 ft 2 Radiator

_'C" Config. "D" Config.

Takeover Pt = 14.8 days

Number of f'uei Cells

Oxygen Tank s

Hydrogen Tanks

Peaking Battery

Fuel Cell Cooling

Water for Thermal Cont (Max)

Water Generated

2 3

I Apollo X 2 Apollo X

i Apollo X and 2 Apollo X

i Block iI

lO0 AuMP Hr. lO0 A_P Hr.

19 ft _ Radiator 39 ft _ Radiators "

808 ib 866 ib

1119 Ib 1965 ib

2-15.17

Waste reactants are needed to acco_nodate the estimated boiloff rates. These

fluids are disposed of by increasipg the power output of the normally operating

fuel cells and e_ergiz_ng either a dummy load or idle eq_ipment.
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_ 4. FLIGHT OPERATIONS SUPPORT: FLIGHT NO. 230

Experime=t 1805 - Deployment and Observation of Gravity Gradient Sta-

bilized Lenticular Structures - Observation by ground based radars to

evaluate RF characterlstics.

Table 4-1 presents the experimental data management requirements of the

flight. A general discussion of this table and the data management

system is contained in Volume i.

-D _- .... B__a---- - L
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TABLE 4-i. FLIGHT 230 (RENDEZVOUS WITH FLT 523 & 229) DATA MANAGEMENT

b

Avg. Daily Data Recording Requirements

Experiment

No.

0i00 s

0200 s

0501

o7o4

1402

15o6

0702 )
0703

1305

OlOOs%

0200s|

O5Ol%
 7o2|
0703 |
0704 !

Data Rate

K-bits/sec

9 (AVG)

6.4 (AVG)

0.8

1.0

0.9

0.2

Recording Time, min

(A) (B)
51.2 K-b/sec 1.6 K-b/see

85

46

Negligible Recording Requirements

45

228

3o

7

Remarks

Carried on Fit. 523; Performed on Fit. 230

Totals 131 310

3 Exper-Hr/Day

2.5 Exper-Hr/Day

45 Min/Day Monitoring

4.2 Exper-Hr/Day

30 Min/Oay

30 Minx lO Times

NOTE:

Avg. Daily Data Transmission Time, min:

• Reqd: A + B/32 = 141 min

• Available _ 280 min

Data Excess (Minutes of Tape) per Da_

Required Minus Available Transmission Time =

Data Excess Per Mission (min) =
Data Tape Return Required: _ 30 Min/Tape Reel

Optimum Avg Daily Transmission Time Required

Voice Tape Return Required (4 packages)

Data Tape Carried

All Data Management Equip. carried on Fit 523 and used on both flights.

zero min

zero Reels ibzero

| zero cuft

40 rain

8 ib,

30 Ib

0.i cu ft

,- 7l/:_ilf-- ".L
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I Altitude, n.mi

Mission Title:

Objectives:

1. FLIGHT MISSION DESCRIPTION

200
1 i Inclination,deg28.5 I Duration, days

REIfDEZVOUS TECHNIQUES WITH EVASr_rE SATELI,ITES

L -i(:,•i

Flight No. 16

The pri.nary purpose of this mission is to experiment with techniques
for rendezvous with no_-co-operativp, evasive satellites.

Configuration: Block II CSM and an esseutually unmodified lunar landing LE21

Experiment Summary:

No. Title

L_ote: See Section 2, "Experiment Description".

Lo c at ion

LEM Stage
CM

Asc Desc
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2 FZfPERIMENT DESCRIPTION SUMMARY

2-16.2

This mission was not included in the original list of flights prepared by NASA Head-

quarters. Also, there is no detailedrexperiment description similar to those appear-

ing in Volume 4. The purpose of this flight description is to illustrate the suit-

ability of the essentially unmodifiedApollo spacecraft to perform experiments in

techniques for rendezvous with evasive satellites.

This flight would utilize the propulsion systems in both the CSM and LEM. A larger

radar with skin tracking capability of ranges the order of lO0 miles could be added

to the LEM. Although the primary objective of the mission is to explore rendezvous

techniques, it will require a Saturn V launch vehicle, and therefore will have the

weight capability to carry additional experiments. For example, if the ascent en-

gine were removed, the biomedical/behavorial experiment could be added. In fact,

the same experiments as listed for Flight 209 could readily be included in this

flight, in which case the experiment listing would be:

0100

O2OO

0501

0601

1501

1502

15o3

Biomedical

Behavioral

Radiation environment monitoring

Capillarity studies

Evaluation of space suits

Manned locomotion and manuvering capability

Emergency techniques for rescue

Rendezvous techniques with evasive satellites.

--C __"...... _"I....
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3 EXPERIMENT/S PAC EC RAFT INTEGRATION

3.1 MISSION DEFINITION

If all the experiments listed in section 2.0 were included in Fli_ht #16, the

mission could be described by the mission timelines of Flight #209, _,ith the ad-

dition of activities related to the rendezvous experiment. "Jhile the rendezous

experiment, that would be conducted, would obviously result from a thorough stuc]y

of the evasive satellite problem, the mission profile, described below, has been

included to illustrate spacecraft capability.

A basic LEM and Block II CSM would be used, except for the addition to the LEM

of a large (6 ft) rendezvous radar antenna. Following Saturn V launch into a

circular 200 nm orbit, systems checkout and orbital determination would be

performed. Two crewmen would enter the LEM, perform a status check, and sep-

arate the LEM from the CSM.

The CSM crewmen would then perform a 4° plane change ,maneuver, requirin_ 760, fps.

Approximately 35 min. later after a maximum separation of 240 n.mi., the spacecraft

are 120 n.mi. apart and radar skin tracking by the LEM begins. A short time later,

the CSM crewman begins his evasive maneuver. This second burn consists of a 3°

plane change plus a 750 n.mi. increase in apogee, requiring 1700 fps.

When the LEM crew detects this evasive maneuver, they initiate a chase whi,_ could

consist of a 7 ° plane change, a i000 n.mi. increase in apogee to obtain proper

phasing, and a rendezvous maneuver, requiring 3080, 1500, and 1300 fps. respec

tively, or a total of approximate 5900 fps. The total time required following

separation is less than 2 ho,_rs.

The above maneuvers, although preliminary and somewhat arbitrary, were chosen for

specific reasons. Limiting the LEM AV to 5900 fps enables use of either the as_ent

or descent engine, which have capabilities of approxi_,_tely 6600 and 7400 fps,

p tl I_ ...................

to be performed using the experiments carried in Fli_iht 209A, thus, el_minatin_[ one

launch. Limiting the LEM AV to 5900 fps and the CSM _V to 3500 fps also :rnke_-"
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rescue of the LEMby the CSMpossible, since the CSMhas a total available sepa
raced AV of 10,6OOfps (reentry from 200 nm requires about 600 fps).

More generally, the manuvering performance of LEMcould be summarizedas the cap-

ability for changing planes or for transferring to circular orbits of different
altitudes, as illustrated below.

Stage

Descent

Ascent

ASC+ DESC

Alt from 200 N.MI

N.MI

No. Round.Trips
I 5 i0

1580 430 310

1290 390 285

3525 640 425

Plane Change
DEG

No. Plane Changes
1 5 lO

17.2 3.4 1.7

14.2 2.8 1.4

32.8 6.3 3 .i

3.2 SPACECRAFT DEFINITION

If only the rendezvous experiment were flown, the spacecraft would consist of a

Block II CSM and a lunar landing LEM with the landing gear removed and a larger

rendezvous radar added. The general arrangement of this configuration is shown in

Figure 3-1.

If it is desired to extend the life of this flight beyond the basic two day cap-

ability and add additional experiments similar to flight 209, the descent stage

would be modified similar to flight 209 to add batteries, oxygen, water, lith-

ium hydroxide and food. These modifications could extend the life to at least 14

days. The addition of fuel cells and more expendables could extend the life even

further.

4 OPERATIONS

The rendezvous experiment could either include or exclude ground tracking, depend-

ing upon the detailed objectives of the experiment.
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